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E X E C U T I V E S U M M A R Y .
Site Background
The Vasquez Boulevard and Inters tate 70 (VB/I-70) S u p e r f u n d S i t e covers an area of a p p r o x i m a t e l y
f our square miles in north-central Denver, Colorado. The site consists of four neighborhoods that
are largely residential, including Swansea, Elyria, Clayton, Cole , and the southwest portion of
G l o b e v i l l e as presented in Figure ES-1 . Most residences at the site are s ingl e f a m i l y d w e l l i n g s , with
some m u l t i - f a m i l y homes and apartment buildings. The site also contains a number of schools and
parks, as well as numerous commercial and industrial propert ie s .
The site came to the attention of the U . S . Environmental Protection Agency (USEPA) f o l l o w i n g
s tudie s directed by the Colorado Department of Public H e a l t h and Environment ( C D P H E ) at the
nearby Globe Smelter. Thes e studies had i d e n t i f i e d elevated concentrations of arsenic and/or lead
in residential yards within Globevi l l e , and also extending into the Elyria and Swansea
neighborhoods.
The U S E P A Emergency Response Program conducted two removal assessment sampl ing programs,
known as Phase I and Phase n, at residential properties within the VB/I-70 study area during 1998.
The s ampl ing results at twenty-one properties warranted time critical soil removal based on surface
soil concentrations exceeding 450 mil l igrams per kilogram ( m g / k g ) of arsenic or 2000 m g / k g of lead.
Time critical removal actions were completed by U S E P A at eighteen of these proper t i e s in 1998.
Owners of three properties did not give EPA access to conduct the removal action.
Based on the Phase I and Phase n results the U S E P A determined that residential propert i e s within
the V B / I - 7 0 site contained arsenic or lead at l eve l s that could present human health concerns over
long term exposures. On this basis, the site was proposed for l i s t i n g and was added to the Nat iona l
Priorities List on July 22, 1999.
Study Area Investigations
A study and two addi t ional inve s t igat ions were performed between 1998 and 2000 in support of the
Baseline Human H e a l t h Risk Assessment:
• Physico-Chemical Characterization S t u d y
• Residential Risk-Based S a m p l i n g I n v e s t i g a t i o n
• Phase IH F i e l d Inve s t iga t i on
The Physico-Chemical Characterization S t u d y conducted analyses on ex i s t ing Phase I soil sample s
to generate suppl ementary data on the phys i ca l and chemical characteristics of the surface s o i l s ,
i n c l u d i n g the r e la t i on sh ip between bulk and f i n e soil f ra c t i on s , contaminant phases and p a r t i c l e sizes,
and the in vitro b ioacce s s ib i l i ty of arsenic and lead in site soils. T h i s s tudy concluded that:
> The concentration of arsenic is about 20% higher in the f i n e f ra c t i on than in the bulk f r a c t i o n

of soil. The concentration of cadmium is about 13% higher in the f i n e frac t ion than in the
bulk frac t ion. Lead and zinc concentrations are nearly equal in the bulk and f i n e f rac t i on s .

»• The primary chemical phase of arsenic in site soils is arsenic trioxide, while lead is present
as lead p h o s p h a t e , lead arsenic oxide and manganese oxide.
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> Both arsenic and lead predominantly exist in p a r t i c l e s ranging f rom les s than 5 to 49
micrometers in size, although lead-bearing partic le s are s t i l l consi s tently found in partic le s
50 to 149 micrometers in size.

*> The relative percent b i o a c c e s s i b i l i t y (which is related to, but is not the same as, relative
bioavailabil i ty) ranges between 3% and 26% for arsenic, and 64% and 83% for lead.

The Residential Risk-Based S a m p l i n g Inve s t i ga t i on involved co l l e c t ion of soil , dust , paint , tap water,
vegetables, and biological samples. S o i l samples f rom f i v e impacted (warranting time critical soil
removal) and three unimpacted propert i e s were col l ec ted on a f i v e - f o o t grid and analyzed for arsenic,
lead, cadmium, and zinc. At eighteen impacted propert i e s addi t ional environmental s a m p l i n g was
conducted. Where po s s i b l e , garden soil sample s , vegetable sample s , and dust samples from l iv ing
areas and attics were c o l l e c t ed and analyzed for arsenic, cadmium, l ead, and zinc. At these same
homes, paint and tap water samples were co l l e c t ed and analyzed for lead only. Biological sample s
of b lood, hair, and urine were co l l e c t ed f rom f i f t e e n residents of six impacted propert ie s . The blood
sample s were analyzed for lead. The urine and hair sample s were analyzed for arsenic. The data
co l l e c t ed indicate the f o l l o w i n g :
* Several properties show large variations in surface soil concentrations within the proper ty,

and a marked change in arsenic and lead concentration at the proper ty boundary as compared
to concentrations on the immediately adjacent property.

*• Meta l s concentrations decrease with increasing d e p t h , and general ly are highest in the f i r s t
two inches of soil.

*• A l t h o u g h the data set is too small to draw d e f i n i t e conclusions, the dust sampling results
suggest that outdoor soil is not a major determinant of arsenic or lead l eve l s in indoor dust
in l i v i n g areas. There is also no s i g n i f i c a n t correlation for arsenic or lead between the
concentration in indoor dust and in attic dust.

> The biomonitoring data do not suggest that exposure l eve l s to lead and arsenic in the
i n d i v i d u a l s tested were s i g n i f i c a n t l y greater than normal. Because of the small number of
p a r t i c i p a n t s , these biomonitoring data must be interpreted with caution.

The Phase HI I n v e s t i g a t i o n was planned in early 1999 and implemented between August 1999 and
November 2000 to generate data to support re l iable risk calculat ions. The investigation focused on
residential surface soil s a m p l i n g , but also included indoor dust s a m p l i n g , garden soil and vegetable
sampling, and school and park sampling. Soil sampling within alleyways was planned but not
implemented due to a lack of unpaved a l l ey s in the s tudy area. The s a m p l i n g program i n i t i a l l y
targeted those proper t i e s that had not been sampled during the 1998 Phase I or Phase n events, and
subsequently encompassed all residential properties. During Phase ffl, a total of 3007 properties was
sampl ed , i n c l u d i n g 2989 residential propert i e s , ten schools, seven parks, and one government
property. Garden vegetable s and so i l s were sampled at nineteen propert i e s and indoor dust was
co l l e c t ed at 75 propert i e s . The inves t igat ion succeeded in gaining access to and sampl ing 76% of
all res idential propert i e s within the s tudy area.
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Residential surface soils (0-2 inches) were characterized by c o l l e c t i o n of three compos i t e s of ten
subsamples each and analysis of the bulk fract ion for arsenic and lead using an energy di sper s ive x-
ray fluorescence spectrometer. The thirty subsamples were co l l e c t ed from locations equal ly
dis tr ibuted throughout the yard which were s equent ia l ly grouped into composi te s such that each of
the three composi te s represented an average concentration over the entire yard. I n d i v i d u a l grab
surface soil samples were later co l l ec t ed at 119 propert ie s where high variabi l i ty in the compos i t e
sample s indicated a potential for small areas of re lat ive ly high concentration which could p o t e n t i a l l y
result in unacceptable short term risks, i.e., "hot spots." A subset of surface so i l s was selected for
a paired comparison of the concentration of arsenic and lead in the bulk f ra c t i on and f i n e f rac t i on.
Indoor dust samples were col lec ted from the main l iv ing areas within 75 homes to provide
informat ion on the r e la t ionsh ip between indoor dust and yard soils over a wide range of yard soil
concentrations. Garden vegetables and co-located garden soils were co l l e c t ed at 19 proper t i e s , based
on a v a i l a b i l i t y of vegetables prior to the fall season hard freeze.
All Phase IQ analytical results were reviewed and validated against qual i ty control criteria s p e c i f i e d
in the Quality Assurance Projec t Plan to conf irm that the data qual i ty objec t ive s were met. The
Phase HI data set documents the f o l l o w i n g VB/I-70 residential property conditions:
*• The major i ty of propert i e s have low level s of arsenic. Thirty-one percent of the propert i e s

have the 95% upper conf idence of the mean being either below the method detection limit
of 11 m g / k g or near the method detection limit.

* Ninety-one percent of the propertie s contain mean lead concentrations below the EPA
screening level for lead in soil of 400 mg/kg.

* The most f r e q u e n t l y observed proper ty mean concentrations of lead are in the range of 1 GO-
150 mg/kg.

> Levels of arsenic in the bulk versus f i n e soil f ra c t i on s are nearly equal, while lead is s l i g h t l y
higher in the f i n e frac t ion.

*• Concentrations of arsenic and lead in indoor dust and garden vegetable s remain r e l a t i v e l y
consistent over a wide range of yard soil concentrations.

* Mean arsenic concentrations in surface soi l s at school and parks range from below the
method detec t ion limit of 11 m g / k g to 26 mg/kg. The mean lead concentrations range from
67 m g / k g to 256 mg/kg.

Nature and Extent
The Phase in data were evaluated using s ta t i s t i ca l methods to characterize the nature and extent of
arsenic and lead contamination. A variogram analysis examined the spat ial cont inui ty and trends
of arsenic and lead. A kriging analysi s was performed to i d e n t i f y whether or not spa t ia l pat t erns are
random or continuous. The analyses indicate that elevated arsenic in soi l s is randomly d i s t r ibu t ed
within the s tudy area, while the lead concentrations tend to decrease with di s tance f rom one or more
his torical smelter locations.
Baseline Human Health Risk Assessment
The risk assessment used data generated under the Phase m F i e l d I n v e s t i g a t i o n . The assessment
i d e n t i f i e d the f o l l o w i n g potent ial hea l th risks to residents at the s i te , assuming that no remedial
actions are conducted.
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Arsenic
Some residential propert i e s at the VB/I-70 site contain arsenic at concentrations higher than the
expected natural levels. Properties with elevated l eve l s of arsenic occur at w id e ly scattered lo ca t ions
across the site, with no clear spat ial pattern. In some cases, l eve l s of arsenic in yard soil are
s u f f i c i e n t l y elevated to pose a reasonable maximum excess l i f e t i m e cancer risk that is above a level
of IE-04 (1 in 10,0000). Based on current data, about 2% of all propert i e s fall into this category.
Noncancer risks from arsenic are also above a level of human health concern at some properties,
mainly at the same locations where cancer risks are above IE-04.
Theoret ical risk calculations suggest that high intake of soil associated with soil pica behavior in
children might be of acute noncancer concern at a large number of propertie s at the site. T h i s f i n d i n g
is j u d g e d to be e s p e c i a l l y uncertain due to the lack of re l iable information on the prevalence and
frequency of soil pica behavior and the amount of soil ingested in a soil pica occurrence.
Lead
Lead also occurs at elevated level s in soil at some residential properties. Elevations occur in all
neighborhoods of the site, but levels tend to be higher on the western part of the site than the eastern
part. Using EPA's IEUBK model to evaluate the risk to children, it is estimated that about 45% of
residences have l eve l s that exceed USEPA's health-based goal (no more than a 5% chance that a
child wil l have a blood lead value above 10 /ig/dL). Of these, many (about 79%) have mean lead
concentrations lower than 400 m g / k g (the U S E P A screening level for lead in s o i l) . T h i s is mainly
because the s i t e - s p e c i f i c relative b i oava i lab i l i ty for lead (84%) is higher than the d e f a u l t value
(60%).
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1.0 SITE B A C K G R O U N D
The Vasquez Boulevard and 1-70 (VB/I-70) S u p e r f u n d S i t e is an area of a p p r o x i m a t e l y f o u r square
miles located in the north-central section of Denver, Colorado. The site cons i s t s of f our
neighborhoods that are large ly re s idential , inc lud ing Swansea, Elyria, Clayton , Col e , and the
southwest por t i on of G l o b e v i l l e as presented in Figur e 1-1. Most residences at the site are s i n g l e
f a m i l y d w e l l i n g s , with some m u l t i - f a m i l y homes and apartment b u i l d i n g s . The site also contains
a number of s chool s and parks, as well as numerous commercial and indus tr ia l proper t i e s .
The s i t e came to the at tention of the U . S . Environmental Prot e c t i on Agency (USEPA), November
4,1997, f o l l o w i n g s t ud i e s directed by the Colorado Department of Pub l i c H e a l t h and Environment
( C D P H E ) at the nearby G l o b e S m e l t e r ( C D P H E 1997). T h e s e s tud i e s sampled s o i l s f rom 25 homes
in the Elyria and Swansea neighborhoods. Arsenic concentrations ranged from below the detec t ion
l imi t to 1800 part s per m i l l i o n ( p p m ) and lead concentrations ranged 39 ppm to 754 p p m . As a
re su l t , CDPHE asked the U S E P A to do a more c ompl e t e s tudy in the area.
The U S E P A Emergency Response program conducted two s a m p l i n g programs at the s i te during
1998. A s tudy area i n i t i a l l y was d e f i n e d , e x t e n d i n g south to East 38 t h Avenue, north to East 56 t h

Avenue, east to Colorado Blvd., west to the S o u t h P l a t t e River, and inc luded the southwest por t i on
of G l o b e v i l l e . The initial sampl ing program, known as Phase I, was performed during March and
A p r i l 1998 and was c h i e f l y to support removal action decisions. A minimum of three grab s a m p l e s ,
two surface and one sub sur face , were co l l e c t ed from proper t i e s where the resident consented access
to addres s the Phase I s a m p l i n g ob j e c t i v e of i d e n t i f y i n g arsenic, cadmium and lead in r e s i d e n t i a l ,
school and park so i l s at l eve l s warranting immediate removal. S a m p l e s were co l l e c t ed f r om
l o ca t ions j u d g e d to present a higher p o t e n t i a l for exposure relat ive to other areas of the p r o p e r t y ( f o r
e x a m p l e , at bare s p o t s wi thin the yard). S a m p l e s were analyzed in the f i e l d using an x-ray
f l uor e s c enc e spectrometer (XRF) s u p p l e m e n t e d by U S E P A methods ana ly s i s at an o f f - s i t e
laboratory. The Phase I s a m p l i n g i d e n t i f i e d thirty-seven proper t i e s as p o t e n t i a l c a n d i d a t e s for
immediate c l eanup based on concentrat ions of either arsenic or lead in r e s ident ia l surface s o i l s
( U S E P A 1 9 9 8 J ) .
As a result of the f i n d i n g s f r o m the Phase I i n v e s t i g a t i o n , the U S E P A i d e n t i f i e d a subset of
proper t i e s requiring con f i rmat ion analyse s of r e s ident ia l so i l . Because sample s c o l l e c t e d during the
Phase I s tage were grab s a m p l e s , c o n f i r m a t i o n analyse s were necessary to determine whether the
sample was representative of the yard as a whole. Thes e conf irmation analyses were implemented
as part of the Phase n inve s t i ga t i on . Any residence having a maximum sur fac e soil concentration
equal to or greater than 450 ppm for arsenic or 2000 ppm for lead was i n c l u d e d in the Phase n
inv e s t i ga t i on . B r i e f l y , s e l ec t ed residences were revis i ted and a 5-point c o m p o s i t e s a m p l e was
c o l l e c t e d in each of the f ron t and back yards. Arsenic and lead l e v e l s in these s a m p l e s were
measured. Any p r o p e r t y whose yard soil c ompo s i t e sample exceeded the removal action l e v e l s for
e i ther arsenic or lead was i d e n t i f i e d for soil removal.
The U S E P A Emergency Response proceeded wi th a Phase II s a m p l i n g program in July and A u g u s t
1998, w i t h i n an expanded s t u d y area e x t e n d i n g south to East 35 t h Avenue. P r o p e r t i e s not s a m p l e d
during Phase I were targe t ed for s a m p l i n g u s ing the Phase I p r o t o c o l s . A d d i t i o n a l l y , the thirty-seven
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c a n d i d a t e prop er t i e s were resampled using two f i v e - p o i n t c o m p o s i t e soil s ampl e s to determine
whether or not mean p r o p e r t y concentrations exceeded removal action l e v e l s . T w e n t y - o n e candidat e
properties were i d e n t i f i e d and removals were comple t ed at eighteen proper t i e s where permission was
granted (USEPA 1998h). A total of 1,393 proper t i e s was sampl ed as part of the Phase I and n
programs, i n c l u d i n g f o u r s chool s and seven parks. A total of 5,135 i n d i v i d u a l soil s a m p l e s was
collected. The di s tribution of maximum lead and arsenic concentrations at the residential proper t i e s
may be f o u n d in F i g u r e s 1-2 and 1-3.
Based on the results of the Phase I and Phase n s a m p l i n g programs, the U S E P A determined that
re s ident ial proper t i e s wi thin the V B / I - 7 0 contained concentration of arsenic or lead at l e v e l s that
could present human h e a l t h concerns over long term exposures. On thi s basis , the U S E P A propo s ed
the VB/I-70 site for inclusion on the S u p e r f u n d Nat i ona l Priorities List (NPL) in January 1999, and
the s i te was added to the NPL on July 22, 1999 (FR 1999).
The source of these elevated metals concentrations is not known, but may be related to use of
commercial p e s t i c i d e s and/or releases f rom one or more smel t er s that have operated in the area. The
Argo S m e l t e r operated in Denver from 1878 to 1907 to treat r e f rac t ory go ld ores ( C D P H E 1992a).
The Omaha and Grant Smel t er began operations in Denver from 1882 and produced g o l d , s i lver,
c o p p e r and lead until its closure in 1903 ( C D P H E 1998b). The G l o b e S m e l t e r has been op era t ing
in Denver since 1886 when it began as a lead smelter. A d d i t i o n s were made to the arsenic and
cadmium recovery circuit s b eg inning in 1905 and y i e l d e d increased arsenic and cadmium recovery.
A f t e r cessation of lead s m e l t i n g operations in 1919, the G l o b e S m e l t e r continued to operate as a test
lead and l i t h a r g e re f inery and as an arsenic re f inery. Arsenic r e f i n i n g operat ions continued f r om
1919 to 1926. The f a c i l i t y continued opera t i on s as a cadmium re f inery between 1927 and 1993.
Current operat ions at the G l o b e S m e l t e r F a c i l i t y i n c l u d e treatment of test l ead , l i t h a r g e and small
scale p r o d u c t i o n o f h igh pur i ty cadmium (ASARCO 1998a; A S A R C O 1998b).
The re s ident ia l s o i l s are known as the Off-Facility S o i l s Operable Uni t 1 (OU 1) por t ion of the s i t e ,
whi le the Omaha & Grant S m e l t e r and Argo S m e l t e r are i d e n t i f i e d as O n - F a c i l i t y S o i l s OU 2 and
OU 3, r e s p e c t i v e l y . The G l o b e S m e l t e r is not part of the V B / I - 7 0 s i t e , but rather is the sub j e c t of a
separate c l e a n u p being conducted by A S A R C O , I n c . and overseen by the C D P H E . The G l o b e
S m e l t e r c l e a n u p , the s u b j e c t of a 1993 consent decree, has resul ted in soil remediat ion in more than
550 G l o b e v i l l e community proper t i e s , as well as ongoing remediat ion of sources of groundwater
contaminat ion on the p l a n t site.
T h i s Remedial I n v e s t i g a t i o n (RI) Report describes the O f f - F a c i l i t y S o i l s OU 1, i n c l u d i n g the
p h y s i c a l s e t t i n g , s t udy area i n v e s t i g a t i o n , nature and extent of contamination, and the base l ine human
hea l th risk assessment. T h i s i n f o r m a t i o n wi l l be used by the U S E P A to manage p o t e n t i a l risks and
d e f i n e a p p r o p r i a t e remedial actions that pro t e c t human h e a l t h and the environment at t h i s o p e r a b l e
unit.
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2 . 0 P H Y S I C A L S E T T I N G
The site i s l a r g e l y f l a t in t o p o g r a p h y , s l o p i n g g e n t l y toward the P l a t t e River, which f l o w s in a
nor thea s t e r ly direct ion through the site. Other than the P l a t t e River, there are no other ma jor sur face
water bodies wi th in the site.
The V B / I - 7 0 s i te p a r a l l e l s and is bounded on the northwest by the S o u t h P l a t t e River and on the
southwest by Fox S t r e e t in G l o b e v i l l e . The s tudy area is bounded on the east by Colorado
Boulevard. Northern and southern boundaries for the s tudy area are East 52nd Avenue and Martin
Luther K i n g Boulevard.
The c l imate of the site i s typ i ca l of C o l o r a d o ' s semiarid eastern p l a i n s . T e m p e r a t u r e s are moderate
throughout the year, wi th month ly averages ranging f rom 30° F in January to 73 ° F in July. Annual
r a i n f a l l measures 16 inches, 60% of which f a l l s during the spr ing and summer. The rainiest month
is May, with an average r a i n f a l l of 2.6 inches. S n o w f a l l t o t a l s in the Denver Metro area average 60
inches, with March u s u a l l y receiving the greatest s n o w f a l l (12.5 inches). The Rocky Mountain
f o o t h i l l s , about 20 mile s west of the s i te , h e l p create a p r e d o m i n a n t l y southern wind f l o w across the
si te , with an annual average v e l o c i ty of 8.5 mph. Peak winds can reach v e l o c i t i e s of 30-50 mph,
with the highes t winds t end ing to be f rom the north-northwest.
The t o p o g r a p h y of the site varies f r om a p p r o x i m a t e l y 5200 f e e t above sea level a long the northern
boundary of the site to about 5140 f e e t mean sea level in the f l o o d p la in . The f l o o d p l a i n is very f l a t ,
with a s l o p e of 0.25 percent to the northeast. Drainage in the f l o o d p l a i n is l a r g e l y c o n t r o l l e d by
man-made f e a t u r e s , such as d i t c h e s , roads and sewers. The ground on the terrace port ion of the site
g e n e r a l l y s l o p e s southeast toward the f l o o d p l a i n with a t y p i c a l grade of about 4 percent. The edge
of the terrace drops off f a i r l y s t e e p l y to the f l o o d p l a i n f r om about 5170 f e e t mean sea l e v e l , with a
narrow bench at 5150 f e e t mean sea l ev e l . The 100-year f l o o d p l a i n is shown on F i g u r e s E S - 1 , 1-1
and 3.3-1.
Geology
I n f o r m a t i o n on the area g e o l o g y is derived f r o m Robson and Romero (USGS 1 9 8 1 ) and the
pre l iminary assessment reports prepared for the smel t er s i te operable uni t s ( C D P H E 1992a; C D P H E
1992b).
The site l i e s to the east of the Front Range of the S o u t h e r n Rocky M o u n t a i n s , in the Colorado
Piedmont section on the Great Pla in s . The sedimentary rocks that u n d e r l i e the region form an
asymmetric, north-south t r ending structural basin known as the Denver Basin, which is more than
13,000 f e e t th i ck at its deepes t po in t below the C i t y of Denver. The uppermos t bedrock f ormat i on
below the site is the Denver F o r m a t i o n , c o n s i s t i n g of interbedded c l a y s t o n e , shale , and s i l t s t o n e with
s i l t y sands tone lenses. The Denver Format ion t y p i c a l l y contains a p p r o x i m a t e l y 70 percent c lays tone
and sha l e and 30 percent sands tone and s i l t s t one . The Denver Format i on was d e p o s i t e d in the la te
Cretaceous and early Ter t iary p er iod s by rivers and streams f l o w i n g in s i l t y and sandy channel
d e p o s i t s wi th in f iner-gra ined c lays tone and sha l e beds.
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The Denver Format i on is underlain by the Arapahoe Format i on at a d e p t h of a p p r o x i m a t e l y 220 f e e t
below the site. The Arapahoe Formation is the s ha l l owe s t bedrock aqu i f e r of s i g n i f i c a n t yie ld in the
site area, con s i s t ing of about 40 percent conglomerate, sandstone and s i l t s t o n e , and about 60 percent
shale. Under lying the Arapahoe Formation are the Laramie Formation and Fox Hills Sands t one , at
d e p t h s of a p p r o x i m a t e l y 700 f e e t and 1000 f e e t , r e sp e c t iv e ly . Below the Fox Hills S a n d s t o n e is the
extensive Pierre S h a l e Format ion, which is considered to the base of the Denver Basin aqui f er
system because of its low p e r m e a b i l i t y and thickness of up to 8000 f e e t .
Most of the bedrock in the Denver area is covered by a l luv ia l and Eolian d e p o s i t s to d e p t h s as great
as 100 f e e t . The o ld e s t a l l uv ia l d e p o s i t s t i l l remaining at the site is S l o c u m A l l u v i u m , c o n s i s t i n g of
cobbles , gravel, and clayey sand d epo s i t ed in rivers that f l o w e d east during the warming period a f t e r
the Dlino i san g lac ia t i on. Subsequent erosion removed most of the S l o c u m and, at the same time, cut
into the Denver Format ion bedrock to form the S o u t h P l a t t e River drainage system.
There are three d i s t i n c t p h y s i o g r a p h i c land forms within one mile of the s i t e; an u p l a n d surface west
and east of the S o u t h P l a t t e River, the f l o o d p l a i n of the river, and a terrace escarpment. The so i l s
on the u p l a n d are the Vona sandy loam, the Truck ton loamy sand, T r u c k t o n sandy loam and the
Nunn c lay loam. The Vona and Truck ton series are deep, well to exce s s ive ly drained coarse-textured
soil s . The Nunn clay loam is a deep, well drained c layey soi l .
The s o i l s of the f l o o d p l a i n of the S o u t h P l a t t e River are m a p p e d as loamy a l l u v i a l to moderate ly wet
and sandy a l luv ia l . T h e s e soils are formed on loamy or sandy and/or g r a v e l l y s t r a t i f i e d a l luvial
materials. The up land is separated f r om the f l o o d p l a i n by an escarpment mapped as grave l ly shale
outcrop. T h e s e escarpments have s t e ep s l o p e s and very s h a l l o w so i l s over c lay, gravel, shale and
sandstone. The re s ident ial s o i l s are g enera l ly sandy to c l a y e y loams, organic rich, and r e l a t i v e l y
uniform.
Hydroseolosv
I n f o r m a t i o n on the area g e o l o g y is derived f r om Robson and Romero (USGS 1 9 8 1 ) and the
pre l iminary assessment reports prepared for the smelter site op erab l e units ( C D P H E 1992a; CDPHE
1992b).
The two uppermost pr in c ipa l ground water systems that underl ie the area are the u p p e r s h a l l o w
a l l u v i a l aqu i f e r and the deeper bedrock Denver A q u i f e r . The s h a l l o w a l l u v i a l aqui f er i s uncon f ined
and g enera l ly comprised of sand and gravel that contains various amounts of c lay and s i l t . In some
areas these coarse-grained mater ial s grade to a f i n e r mater ial , and c lay and s i l t y material s
predominate. The rate of ground water movement through these d e p o s i t s is governed p r i n c i p a l l y by
the variable nature of these d e p o s i t s . Due to the h i g h l y weathered nature of the u p p e r part of the
bedrock aqui f er , i t i s l i k e l y that t h i s layer b e l ongs h y d r o g e o l o g i c a l l y with the o v e r l y i n g
uncon so l ida t ed a l l u v i a l d e p o s i t s . T h a t i s , due to the higher hydrau l i c c o n d u c t i v i t y of the weathered
Denver Format i on than the under lying unweathered bedrock, ground water w i l l p r e f e r e n t i a l l y f l o w
h o r i z o n t a l l y in the a l l u v i a l / w e a t h e r e d unit rather than downward.
The d e p t h to ground water ranges f r om 10 to 20 f e e t below the ground sur face in areas of the s i t e
nearest the S o u t h P l a t t e River. G e n e r a l l y , the d irec t ion of ground water is f r o m the s ou thea s t to the
northwest toward the S o u t h P l a t t e River at a p p r o x i m a t e l y 20 to 200 f e e t / y e a r , then toward the
northeast p a r a l l e l to river f l o w .
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3 . 0 S T U D Y AREA I N V E S T I G A T I O N
In 1998, U S E P A Region VIE convened a Working Group to prov ide a d i s cu s s i on forum for
community members, S t a t e and local governmental agencies and other interes ted part ie s to prov id e
input to the U S E P A on all a sp e c t s of the remedial i n v e s t i g a t i o n and f e a s i b i l i t y s tudy for the V B / I - 7 0
site. The U S E P A Region VET has worked in cooperation with V B / I - 7 0 Working G r o u p , currently
comprised of representat ive s of the local community, the C i t y and County of Denver ( C C O D ) ,
C D P H E , ATSDR and A S A R C O , to i n v e s t i g a t e surface soil contamination and the p o t e n t i a l for
human exposure at the V B / I - 7 0 site. Several s tud i e s have been conducted at the V B / I - 7 0 site since
1998, i n c l u d i n g the Phase I and Phase n i n v e s t i g a t i o n s , Physico-Chemical Characterization of S o i l s ,
Residential Risk-Based S a m p l i n g , and the Phase TTT I n v e s t i g a t i o n . The re sul t s of the Phase I and n
Removal S i t e Asse s sment programs are compi l ed in separate S a m p l i n g A n a l y s i s Report s (USEPA
1998d and 1998h). Data c o l l e c t e d during these programs have been used for subsequent s t ud i e s , as
referenced in th i s RI report, however, the s ampl e s were co l l e c t ed p r i m a r i l y to s u p p o r t removal action
deci s ions . The three s tud i e s used as the basis for the base l ine human hea l th risk assessment are
described in this section: the Physico-Chemical Characterization of S o i l s ; the Res ident ia l Risk-Based
S a m p l i n g ; and the Phase El I n v e s t i g a t i o n .
3.1 Physico-Chemical Characterization of S o i l s
The Physico-Chemical Character izat ion of S o i l s u t i l i z e d the 2400 soil sampl e s c o l l e c t e d in 1998 as
part of the Phase I inve s t iga t i on surface soil re sul t s . F i v e percent or a t o ta l of 120 of these s a m p l e s
was se lec ted for the Physico-Chemical Charac t er izat ion S t u d y .
The Phase I inve s t i ga t i on provided in f ormat i on on contaminant concentrat ions in bulk soil f r a c t i o n s
wi thin the V B / I - 7 0 site. However, to better characterize p o t e n t i a l exposure and risk at the s i te ,
s u p p l e m e n t a r y data on the phys i ca l and chemical characteri s t ic s of the surface s o i l s were required.
The Physico-Chemical Characterization of S o i l s was per formed to c o l l e c t the necessary
s u p p l e m e n t a r y data. The primary components of t h i s s t u d y were as f o l l o w s :
• Determine the r e l a t i o n s h i p between two soil f r a c t i o n s : bulk s o i l s (sieved to <2 mm)

and f i n e s (sieved to <250 /um).
• Determine the phase s and p a r t i c l e sizes of lead and arsenic con tr ibu t ing to the total

lead and arsenic d e t e c t ed in the f i n e s f r a c t i o n of surface s o i l s .
• Es t imat e the f r a c t i o n of arsenic and lead that is b i oa c c e s s i b l e ( p o t e n t i a l l y ava i lab l e

for ab s orp t i on) us ing an in vitro b i o a c c e s s i b i l i t y tes t .
3.1.1 A n a l y t i c a l Procedures
The 120 archived soil s a m p l e s were trans f erred under c h a i n - o f - c u s t o d y from the Phase I contractor
to the Laboratory for Environmental Geo log i ca l S t u d i e s (LEGS) at the U n i v e r s i t y o f Colorado. All
analyse s p er f ormed by the U n i v e r s i t y of C o l o r a d o on b e h a l f of U S E P A were p er f o rmed in
accordance with the Q u a l i t y Assurance P r o j e c t Plan (QAPP) prepared and approved for th i s
i n v e s t i g a t i o n (USEPA 1998k). The QAPP required q u a n t i f i c a t i o n o f concentrat ions f o r f o u r me ta l s :
arsenic, cadmium, lead and zinc. Geochemical s p e c i a t i o n , p a r t i c l e size d i s t r i b u t i o n ana ly s i s , and in
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vitro b i o a c c e s s i b i l i t y t e s t s were s t i p u l a t e d for lead and arsenic only. The f o l l o w i n g procedure s or
analyses were per formed at L E G S :
• S o i l s were air dried and then sieved into two f r a c t i o n s ( b u l k and f i n e s ) in

preparat ion for chemical t e s t ing . The soil f r a c t i o n <2 mm was d e f i n e d as the
bulk fract ion. The f ra c t i on <250 /u,m was d e f i n e d as the f i n e f ra c t i on .

• Each bulk and f i n e s f r a c t i o n was analyzed via x-ray f luore s c ence (XRF) for
q u a n t i f i c a t i o n of arsenic, cadmium, lead and zinc concentrations.

• A port ion (22 s a m p l e s ) of surface soil s ampl e s submitted to the laboratory was
analyzed to determine the par t i c l e size and phase of arsenic and lead
contr ibu t ing to the lead and arsenic f ound in the f i n e s f r a c t i o n of surface so i l s .

• A port ion (10 s a m p l e s ) of sampl e s submit ted for s p e c i a t i on analys i s was also
evaluated for lead and arsenic b i o a c c e s s i b i l i t y using an in vitro b i o a c c e s s i b i l i t y
test .

The procedures and analyses l i s t e d above were per formed in accordance wi th standard op era t ing
procedures (SOPs) inc luded as part of an approved q u a l i t y assurance p r o j e c t p l a n for the V B / I - 7 0
site (USEPA 1998k). The r e su l t s are summarized in the f o l l o w i n g sections. A summary of the data
is contained in A p p e n d i x B.
3.1.2 Bulk S o i l s and F i n e s F r a c t i o n
The concentrations of metal present in the bulk and f i n e f r a c t i o n s were compared using l inear
regression ana ly s i s and the r e s u l t i n g graphs are pre s ented in F i g u r e s 3 .1- la through 3 . 1 - l d . The
s l o p e and intercept values and their r e sp e c t iv e 90% c o n f i d e n c e in t erva l s (CI) are presented in the
t ab l e below.

T a b l e 3.1-1 Linear Regression Value s for 1998 Bulk S a m p l e s and F i n e s

Chemical
Arsenic

Cadmium
Lead
Zinc

S l o p e
Best
1.17
1.13
0.96
0.99

90% CI
1.11 to 1.23
1.04 to 1.22
0.92 to 0.99
0.95 to 1.03

P value
<0.001
<0.001
<0.001
<0.001

I n t e r c e p t
Best

36
0

56
18

90% CI
-0.4 to 72
-0.8 to 0.7

33 to 78
4 to 32

P value
0.052
0.941

<0.001
0.013

As seen above, the s l o p e of all of the l ine s is near one, and the i n t e r c e p t s are near zero. T h i s means
that there is l i t t l e or no authent i c d i f f e r e n c e in concentrat ions in any of the f o u r chemical s between
the bu lk f r a c t i o n and the f i n e s f r a c t i o n . However, the i n t e r c e p t s of two chemical s ( l ead and z i n c )
are s i g n i f i c a n t l y greater than zero and the in t er c ep t for arsenic is nearly s i g n i f i c a n t . T h i s s u g g e s t s
that there may be a small negative bias in e s t imat i on of bu lk concentrat ions for lead and zinc and
p o s s i b l y arsenic. T h a t i s , the concentrat ions of me ta l s in the bulk sampl e s w i l l tend to s l i g h t l y
undere s t imate the concentration in the f i n e s at low concentration values , based on the regression
ana ly s i s . The 90% c o n f i d e n c e in t e rva l s shown in F i g u r e s 3 . 1 - l a through 3 . 1 - l d and T a b l e 3.1-1
r e f l e c t uncertainty in the b e s t - f i t l inear regression l ine through the data. T h e s e c o n f i d e n c e bounds
were c a l c u l a t e d us ing a commercial s t a t i s t i c a l package c a l l e d T a b l e C u r v e . The bounds of the
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c on f id enc e interval around the best fit s t ra ight l ine do not i m p l y that 90% of all data p o i n t s must lie
wi th in the c o n f i d e n c e interval. No data po in t s were removed as ou t l i e r s in the c a l c u l a t i o n of the
regression l ine for F i g u r e s 3.1-1 a through 3 . 1 - I d .
Quality Control Samples
T w e n t y percent of s a m p l e s (both bulk and f i n e f r a c t i o n s ) analyzed by LEGS were also submit ted to
a second laboratory for conf irmat ion analys i s . T h i s c o n f i r m a t i o n t e s t i n g was p er f ormed via
i n d u c t i v e l y coupled argon p la sma (TCP). A p p e n d i x Al contains a graphica l comparison for lead and
arsenic. As seen, in all four cases, the s l ope of the best fit straight line through the inter-laboratory
pairs is about 0.7, i n d i c a t i n g that XRF values are about 30% higher than those of the standard
analy t i ca l procedure. A d i f f e r e n c e of th i s t y p e is common if some of the metals present in s o i l s that
are not r e a d i l y extracted from the soil in acid. T h i s d i f f e r e n c e in a n a l y t i c a l methods n o t w i t h s t a n d i n g ,
the s trong correlation (R2>0.95) ind i ca t e s that there is good inter-laboratory agreement f u r t h e r
s u p p o r t i n g the conclusion that there i s l i t t l e d i f f e r e n c e between the bu lk and f i n e f rac t i on s . F u r t h e r
i n v e s t i g a t i o n in the basis for the d i f f e r e n c e between the XRF and ICP re su l t s was i n i t i a t e d by the
U S E P A .
3.1.3 S p e c i a t i o n
About 20 percent (or 22) of the f i n e s f r a c t i o n of s ampl e s analyzed by LEGS for arsenic, cadmium,
lead and zinc by XRF was also evaluated for geochemical speciation by electron microprobe analysis
(EMPA). F i g u r e s 3.1-2a and 3.1-2b show the d i s t r i b u t i o n of each phase (chemical f o r m ) as a
f u n c t i o n of the t o ta l lead or arsenic present in the s o i l . As seen, nearly all arsenic mass present in
the soil sampl e s is present as a s ingl e phase: arsenic t r i o x id e ( A s 2 O 3 ) . By contrast with arsenic, a
number of d i s t in c t phases are contr ibu t ing to the lead mass onsite: lead p h o s p h a t e , lead arsenic oxide
and manganese oxide.
3.1.4 Part i c l e Siz e Distr ibut ion
Par t i c l e size d i s t r i b u t i o n s were evaluated for the same set of s a m p l e s for which EMPA s p e c i a t i o n
analys i s was per formed. F i g u r e s 3.1-3a to 3.1-3b show the re spec t ive arsenic and lead masses by
p a r t i c l e phase as a f u n c t i o n of the total arsenic or lead present in the f i n e s f r a c t i o n of the soil . As
seen, the arsenic-bearing par t i c l e s contained in the surface so i l s are predominate ly found in par t i c l e s
between <5 and 49 //m in size. T h i s appeared to contradict the conclus ion that there is little
d i f f e r e n c e in arsenic concentration between the bulk and f i n e f r a c t i o n s of soi l . One e x p l a n a t i o n is
that some of the f i n e grains of arsenic exis t in a s soc iat ion wi th larger p a r t i c l e s that did not pas s the
250 ^m sieve. The m a j o r i t y of the lead mass f o u n d in the surface s o i l s is also f o u n d in p a r t i c l e s
between <5 and 49 /um in size, a l t h o u g h lead-bearing p a r t i c l e s are s t i l l c o n s i s t e n t l y f o u n d in p a r t i c l e s
50 to 149 /j.m in size.
3.1.5 In Vitro Bioacce s s i b i l i ty
About ten percent (or 10) of the f i n e s f r a c t i o n sampl e s analyzed by LEGS for arsenic, cadmium, lead
and zinc by XRF were al so t e s t ed for b i o a c c e s s i b i l i t y (BAG) of lead and arsenic us ing an in vitro
b i o a c c e s s i b i l i t y test. The re su l t s are summarized in T a b l e 3.1-2. As seen, the r e la t ive percent
b i o a c c e s s i b i l i t y ranges between 3% and 26% for arsenic and 64% and 83% for l e a d .
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T a b l e 3 J-2 Relative Percent Bioacce s s ib i l i ty

S a m p l e Name
ND-98-022
ND-98-106
N D - 9 8 - 1 1 7
ND-98-056
N D - 9 8 - 1 1 8
N D - 9 8 - 1 1 9
ND-98-080
ND-98-102
ND-98-113
ND-98-027

Arsenic
( p p m )

130
973

1907
234

1191
2690
504
704
1409
183

Arsenic
B i o a c c e s s i b i l i t y

(%)
7

18
14
8

26
3

23
13
3

11

Lead
( p p m )

96
682
423
135

1434
691
586
475
362
349

Lead
B i o a c c e s s i b i l i t y

(%)
76
74
78
83
83
64
79
76
64
68

It is important to note that the relative percent b ioacce s s ib i l i ty is not equal to the Relative
B i o a v a i l a b i l i t y (RB A) in vivo. B i o a c c e s s i b i l i t y is the measure of the percent of lead or arsenic that
is s o l u b i l i z e d under s p e c i f i c test c ondi t i on s that are meant to imi ta t e gastric condi t ions . Rela t ive
b i o a v a i l a b i l t i y is the f r a c t i o n of an inges t ed dose of the lead or arsenic that is absorbed into the
systemic c irculat ion, expressed as a percent of the amount absorbed from an equal dose of some
r e a d i l y s o lub l e reference form of the chemical. Current i n v e s t i g a t i o n s have shown a reasonable
correlation between in vivo RBA and in vitro b i o a c c e s s i b i l i t y for lead (Drexler 1997; Ruby, et al.
1996; Drexler, et al. 2001). However, the comparison between in vivo RBA and in vitro
b i o a c c e s s i b i l i t y for arsenic is not well e s t a b l i s h e d . T h u s , all in vitro BAG re su l t s ( e s p e c i a l l y those
for arsenic) must be in t erpre t ed and used with caution.
3.2 Res ident ial Risk-Based S a m p l i n g I n v e s t i g a t i o n
The U S E P A impl ement ed a s a m p l i n g and analys i s program in the Summer and Fall of 1998 to
c o l l e c t i n f o r m a t i o n to suppor t more d e t a i l e d risk c a l c u l a t i o n s . Three o b j e c t i v e s were d e f i n e d for th i s
s t u d y , a s d e t a i l e d in the P r o j e c t P l a n for the Risk-Based S a m p l i n g S t a g e I I n v e s t i g a t i o n (USEPA
1998a):
1) Characterize the nature and extent of arsenic ( A s ) , cadmium ( C d ) , lead ( P b ) and zinc ( Z n )

contaminat ion wi th in s e l e c t ed r e s id en t ia l yards by p e r f o r m i n g h i g h - d e n s i t y (" int ens ive")
s a m p l i n g o f sur face s o i l s .
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Q u a n t i f y the l e v e l s of As, Cd, Pb and Zn (where a p p l i c a b l e ) in the f o l l o w i n g environmental
media at residences i d e n t i f i e d for soil removal action 1:

T a b l e 3.2-1 Risk-Based S a m p l i n g T a r g e t A n a l y t e s by Media

Environmental Media
Indoor H o u s e h o l d Dust
Atti c Dust
T a p Water
Exterior and Interior Paint
Garden V e g e t a b l e s
S u r f a c e S o i l S a m p l e s Co-located with
Garden V e g e t a b l e s

T a r g e t A n a l y t e s
As, Cd, Pb, Zn
As, Cd, Pb, Zn

Pb
Pb

As, Cd, Pb, Zn
As, Cd, Pb, Zn

3) Es t imate the extent to which res idents at proper t i e s i d e n t i f i e d for soil removal action were
(prior to the removal ac t i on) exposed to arsenic and lead by i m p l e m e n t i n g a voluntary
biomonitoring program to q u a n t i f y l ev e l s of arsenic in hair and urine and l e v e l s of lead in
blood. The d e t a i l s of each ac t iv i ty and the re su l t s are prov ided in the subsequent sect ions.

3.2.1 Intens ive Grid S a m p l i n g Inve s t i ga t i on
T h i s sec t ion summarizes the ac t iv i t i e s and re su l t s of the intensive grid s a m p l i n g event which took
p l a c e during the Summer and Fall of 1998.
As described in S e c t i o n 1, the Phase I and n S u r f a c e S o i l I n v e s t i g a t i o n s (Phase I and II) ind i ca t ed
that e levated l e v e l s of arsenic and lead ex i s t ed in yard s o i l s at some residences. However , no
di scernable pa t t ern for the extent of the meta l s contamination was apparent . T h a t is, marked
d i f f e r e n c e s in metals concentrations were noted even among grab s a m p l e s c o l l e c t e d at a s i n g l e
residence. An int ens ive sur face soil s a m p l i n g program was i m p l e m e n t e d at s e l e c t ed residences
located wi th in si te boundaries to f ur th er i n v e s t i g a t e the v a r i a b i l i t y of contamination wi th in a yard.
The intensive s a m p l i n g program was de s igned to determine if the v a r i a b i l i t y in me ta l s concentrations
in a yard were random or whether patterns in concentrations could be observed. T h i s o b j e c t i v e was
a c c o m p l i s h e d by s e l e c t i n g a repre s enta t ive subset of residences wi th in the s i te and c o l l e c t i n g a large
number of grab surface soil sample s f rom the property. A total of eight residences was i d e n t i f i e d
for intens ive grid s a m p l i n g . T h e s e residences were s e l e c t ed based upon the r e su l t s of Phase I and
n. F i v e of the eight l o c a t i o n s were i d e n t i f i e d as "impacted" and cons i s t ed of the f i v e residences
having the greatest arsenic concentrat ions and s c h e d u l e d to undergo removal action. The remaining

1 U S E P A Region VIE i d e n t i f i e d 18 residences for soil removal. T h e s e residences
reported mean yard soil concentrations above 450 ppm for arsenic a n d / o r 2000 ppm for lead
( U S E P A 1998b).
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three res idences were i d e n t i f i e d as "unimpacted" because the maximum arsenic concentrations
measured at these p r o p e r t i e s during Phase I were below the removal action level of 450 part s per
m i l l i o n ( p p m ) . The unimpac t ed residences were s e l e c t ed by f i r s t s t r a t i f y i n g a l l unimpact ed
residences in the s tudy area into three arsenic concentration ranges: <45-100 p p m , 100-200 ppm and
200-400 ppm. A s i n g l e residence was then randomly chosen f rom each range. All concentration
values used to i d e n t i f y p r o s p e c t i v e residences were the maximum arsenic concentration value
reported at each residence.
3.2.1.1 Descr ip t ion of A c t i v i t i e s
The f i e l d a c t i v i t i e s for the intensive grid sur face soil s a m p l i n g were d i v i d e d into two s tage s and each
s tage was impl ement ed by a d i f f e r e n t contractor. The f i r s t stage was conducted by URS Opera t ing
Service s (UOS) in Summer 1998. UOS c o l l e c t e d soil s a m p l e s for al l impac t ed residences. In the
Fall o f 1998, the U . S . Army Corps o f Engineers (USAGE) conducted f i e l d a c t i v i t i e s f or the second
stage. The U S A G E contracted with Roy F. Wes t on (WESTON) to c o l l e c t a l l s a m p l e s f o r t h e
unimpac t ed residences.
A 5'x5' grid was super impo s ed over the entire yard area of each of the e ight residences (termed
"focal" re s idence). Whenever access was p e rmi t t ed , s a m p l e s at residences a d j a c e n t to the f o c a l
re s idences (termed "adjacent"re s idence s) were also c o l l e c t e d . However , the entire yard area was not
s ampl ed at a d j a c e n t residences. Rather, sur face s o i l s at a d j a c e n t residences were u s u a l l y c o l l e c t e d
at l o ca t i on s cont iguous to the f o c a l p r o p e r t y on a 5'x5' grid up to about 15 f e e t away from the f o c a l
proper ty . S u r f i c i a l soil s a m p l e s (0-2" d e p t h ) were c o l l e c t e d a p p r o x i m a t e l y at each node of the grid.
If a s a m p l e could not be c o l l e c t e d at the grid node due to the presence of an obs truct ion, but could
be co l l e c t ed if the point was o f f s e t s l i g h t l y , s a m p l e s were c o l l e c t e d and the revised s a m p l e l o ca t i on
was i d e n t i f i e d on f i e l d maps. If a s a m p l e could not be c o l l e c t e d at the grid node due to the presence
of a structure (e.g. house, shed, driveway, etc.), and the s ampl e l o ca t i on could not be o f f s e t s l i g h t l y ,
then no s a m p l e was c o l l e c t e d . All sur face soil s a m p l e s were containerized, l ab e l ed and transpor t ed
to the analyt i ca l laboratory in accordance with the p r o j e c t p l a n .
In a d d i t i o n to c o l l e c t i o n of sur face soil s a m p l e s , a minimum of f o u r soil core sampl e s was c o l l e c t e d
at each f o c a l residence. At a minimum, two 12-inch soil cores each were c o l l e c t e d f r om the f r o n t
and back yards of the e ight f o c a l proper t i e s . Each core s a m p l e was d i v i d e d into f i v e 2 inch interval s
(2-4", 4-6", 6-8", 8-10" and 10-12") and each interval was packaged s epara t e ly . The 0-2" interval
was retained as the sur face soil sample for that s ampl e l o ca t i on and was h a n d l e d as described above.
All core s a m p l e s were containerized, l a b e l e d and transpor t ed to the a n a l y t i c a l laboratory in
accordance wi th th e p r o j e c t p l a n (USEPA 1998a).
CAD d r a w i n g s d e p i c t i n g the a p p r o x i m a t e surface and core s a m p l e l o c a t i o n s for each of the e ight
f o c a l res idences and the r e spe c t iv e a d j a c e n t res idences are provided in A p p e n d i x C. T h e s e drawings
were prepared by the contractors r e s p o n s i b l e for the f i e l d a c t i v i t i e s (UOS and WESTON). It i s
impor tant to note that s a m p l e l o c a t i o n s were determined us ing s i m p l e linear measurements (e.g. t a p e
measure) rather than more accurate f orms of measurement (e.g. G l o b a l P o s i t i o n i n g S y s t e m ) ;
t h e r e f o r e all s a m p l e l o c a t i o n s presented in A p p e n d i x C are a p p r o x i m a t i o n s only.
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All sur face and core soil sampl e s were submitted to the U n i v e r s i t y of C o l o r a d o for s ampl e
preparat ion and analysis. S a m p l e s were dried and sieved to the prescribed p a r t i c l e size (<250 /urn)
in accordance with the s tudy de s ign and then analyzed for arsenic, cadmium, lead and zinc using
XRF me thodo logy. Ten percent of sampl e s analyzed by XRF were submit t ed to contract laborator i e s
for c o n f i r m a t i o n analys i s . A portion (split) of the prepared sample was de l ivered to the contract
laboratory under c h a i n - o f - c u s t o d y and measured for the same f our meta l s using ICP or ICP-MS
instrumentation.
3.2.1.2 Discussion of Results
Resul t s of the intens ive grid surface soil and core s a m p l i n g program are presented in a number of
ways. F i r s t , tab l e s summarizing all raw ana ly t i ca l r e su l t s for surface and core soil s a m p l e s are
provided in A p p e n d i x D. However, as mentioned p r e v i o u s l y , the o b j e c t i v e for th i s phase of the
i n v e s t i g a t i o n was to determine the extent of metal s contamination and to discern whether s p a t i a l
pat t erns are evident. T h e r e f o r e , several d i f f e r e n t t y p e s of maps have been prepared in order to
f a c i l i t a t e th i s evaluation.
2-D Schematics for Arsenic, Cadmium. Lead and Zinc
S i m p l e schematics of each fo ca l proper ty and its associated a d j a c e n t p r o p e r t i e s are presented in
A p p e n d i x E. A p p r o x i m a t e sample l o ca t i on s are i d e n t i f i e d with a colored circle coded to ind i ca t e
the concentration level observed at the s ampl e locat ion. The color codes used to r e f l e c t
concentration ranges were selected as f o l l o w s :

T a b l e 3.2-2 Intens ive Grid S a m p l i n g Map C o d i n g
A n a l y t e

Arsenic

Lead

Cadmium

Z i n c

Color
Green
Blue
Y e l l o w
Orange
Red
Green
Blue
Y e l l o w
Orange
Red
Green
Blue
Y e l l o w
Orange
Red
Green
Blue
Y e l l o w
Orange
Red

Range ( p p m )
<=70
71-150
151-450
451-1000
>1000
<=400
401-1000
1001-1500
1501-2000
>2000
<=78
79-156
157-234
235-312
>312
<= 23000
23001-46000
46001-69000
69001-92000
> 92000

N o t e s
<70 ppm was considered to require no action at the
nearby Glob e S i t e .
450 ppm was removal level at th i s site

4 0 0 p p m : E P A ' s d e f a u l t r e s id en t ia l screening level

2000 ppm was removal level at th i s s i te

Risk-based concentration ( H Q = 1 ) from Region I I I 1

Risk-based concentration ( H Q = 1 ) f r o m Region I I I 1

' U S E P A , 1998e
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It is important to note that the use of these color codes and concentration ranges for pr e s en ta t i on of
data does not i m p l y s i t e - s p e c i f i c benchmark values for VB/I-70. Rather, these values are merely
used to present the data in a convenient way.
I n s p e c t i o n of these f i g u r e s reveals that there can be large variations in the concentration of both
arsenic and lead over rather small d i s tance s , both across p r o p e r t y l ine s and wi th in a proper ty . Areas
where a sharp change in concentration across several s ampl e s was noted are termed "boundary
e f f e c t s . " Boundary e f f e c t s between adjacent residences are observed at Locat ions 1,2 and 5 for both
arsenic and lead. Boundary e f f e c t s at a d j a c e n t regions of a s i n g l e residence are observed at
Locat ions 1, 2 and 8 for arsenic and Locations 1 and 2 for lead. Boundary e f f e c t s are not observed
for cadmium and zinc at any of the e ight residences.
A l s o inc luded in these f i g u r e s are d e p t h p r o f i l e s for each core sampl e c o l l e c t e d at a residence.
M e t a l s concentrations for each 2-inch interval are presented. Core sampl e s are i d e n t i f i e d in the
schematic as an open hole and the X-Y coordinate corre sponding to that s a m p l e locat ion is i d e n t i f i e d
on the p r o f i l e graph. A l t h o u g h the ab so lu t e concentration of each metal varies c o n s i d e r a b l y ,
concentrations of all target me ta l s (As, Cd, Pb and Zn) tend to decrease wi th increas ing depth .
T h e r e f o r e , metal s concentrations at the surface appear greatest.
3-D Surface Plots and 2-D Contour Maps for Arsenic and Lead
S u r f a c e p l o t s can o f t e n provide a better p e r s p e c t i v e of the l e v e l s of me ta l s observed at a s i te because
the actual magni tude of the metal s concentrat ion is provided rather than a broad concentration range
(as was used in the 2-D schematics). S u r f a c e p l o t s were prepared for arsenic and lead for all e ight
residences ( A p p e n d i c e s Fl and F2), but were not prepared for cadmium and zinc since metal
concentrations were below their re spec t ive screening-level values. Metal concentrations were
p l o t t e d on the z-axis g i v i n g thr e e -d imen s i ona l i ty to arsenic and lead l e v e l s at each proper ty .
A l t h o u g h peaks in me ta l s concentration are ev iden t , the boundary e f f e c t s d i s cu s s ed p r e v i o u s l y are
s t i l l d i s t inc t . N o t e that the scale for these f i g u r e s has been restricted to a maximum of 6000 ppm for
arsenic. T h i s was done to c l e a r l y d ep i c t changes in concentration at reasonable i n t e r v a l s
( a p p r o x i m a t e l y 375 p p m . ) T h e r e f o r e , the maximum peak d e p i c t s arsenic concentrations that are
greater than or equal to 6000 p p m . A t a b l e in A p p e n d i x F3 summarizes the l i s t of s a m p l e s a f f e c t e d
by thi s .
T h e s e sur face p l o t s were also used to prepare contour maps for arsenic and lead ( A p p e n d i x G).
T h e s e maps present the p l a n view of the sur face p l o t a l l o w i n g a clear view of concentrat ion gradient s
and s a m p l i n g l o c a t i o n s .
Quality Assurance/Quality Control
A l t h o u g h th e two contractors submit t ed c o n f i r m a t i o n s a m p l e s t o d i f f e r e n t a n a l y t i c a l l abora tor i e s ,
both laborator i e s show a s i g n i f i c a n t d i f f e r e n c e in measured concentra t i ons for al l f o u r m e t a l s
between XRF and ICP ins trumentat ion. As pre sented in A p p e n d i x A2, the s l o p e s of the best fit
s t ra igh t l i n e through the inter- laboratory pa ir s are between 0.5 and 0.7, i n d i c a t i n g that XRF values
are about 30-50% higher than the same s a m p l e s measured using the U S E P A me thodo l ogy . T h e s e
f i n d i n g s are s imilar to those reported for the Phys i co-Chemica l Charac t er iza t ion of S o i l in A p p e n d i x
A l .
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Blind Quality Control Standards
In order to test the accuracy of me ta l s analys i s at the commercial labora tory , b l ind q u a l i t y control
( Q C ) s t andard s were inserted into the s a m p l e stream with the s p l i t ( c o n f i r m a t i o n ) sample s . The
same set of standards was submitted to each laboratory, with one exception. An additional standard
(NIST 2604) was provided to the laboratory p e r f o r m i n g the analysi s of s o i l s for the unimpacted
residences. As seen in A p p e n d i x A2 analyt i ca l re su l t s for arsenic were accurate over the range of
concentrations submitted both within and between labs , a l t h o u g h a trend for decreasing accuracy
with decreasing concentrations is observed. In general, th i s trend is observed for the cadmium, lead
and zinc as we l l . At high lead concentrations, the r e su l t s for unimpacted proper t i e s appear to be
biased low.
3.2.1.3 TAL M e t a l s A n a l y s e s
A to tal of ten s a m p l e s , two randomly chosen from each of f i v e impac t ed p r o p e r t i e s , was sieved to
the f i n e f r a c t i o n and submitted for analysi s o f total target analyte l i s t (TAL) metal s . The re su l t s o f
the analyses are presented in T a b l e 3.2-3.
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T a b l e 3.2-3 T o t a l T a r g e t A n a l y t e List Meta l s Concentrat ions
S a m p l e I D

N D - 9 8 - 2 5 3
N D - 9 8 - 7 8 2
N D - 9 8 - 2 9 2
ND-98-640
N D - 9 8 - 6 2 7
N D - 9 8 - 5 4 9
N D - 9 8 - 1 3 0 2
N D - 9 8 - 1 2 7 3
ND-98-336
ND-98-245

A L U M I N U M
T O T A L

9770
7870
6650
7610
8730
9520
9950

11200
8370

12100

RL
5

25
5
5
5
5

25
5
5
5

A R S E N I C
T O T A L

1360
8890

151
127
584

1990
9940
1040
1590

178

RL
10
50
10
10
10
10

100
10
10
10

B E R Y L L I U M
T O T A L

0.83
N D

0.56
0.68
0.73
0.74

N D
1.1

0.69
1.0

RL
0.2

1
0.2
0.2
0.2
0.2

1
0.2
0.2
0.2

C A L C I U M
T O T A L

8830
6540
2690
2150
5720
7540
9960
8110
4000
4290

RL
10
50
10
10
10
10
50
10
10
10

C A D M I U M
T O T A L

1 1 . 1
12.5
4.4
1.6
7.6
7.1

19.0
14.2
13.7
4.0

RL
0.5
2.5
0.5
0.5
0.5
0.5
2.5
0.5
0.5
0.5

COPPER
T O T A L

71.4
42.5
19.7
28.5
40.3
30.7
47.4
52.7
43.6
36.3

RL
2

10
2
2
2
2

10
2
2
2

I R O N
T O T A L

17300
14500
12400
15900
16600
16200
16400
14600
14600
19400

RL
10
10
10
10
10
10
10
10
10
10

P O T A S S I U M
T O T A L

3080
2440
1960
2410
1980
2640
1800
1650
1650
4320

RL
500
500
500
500
500
500
500
500
500
500

S a m p l e I D
N D - 9 8 - 2 5 3
N D - 9 8 - 7 8 2
N D - 9 8 - 2 9 2
ND-98-640
ND-98-627
N D - 9 8 - 5 4 9
N D - 9 8 - 1 3 0 2
N D - 9 8 - 1 2 7 3
N D - 9 8 - 3 3 6
N D - 9 8 - 2 4 5

M A G N E S I U M
T O T A L

2930
2670
2020
2100
3150
2910
3390
3100
2510
3320

RL
5

25
5
5
5
5

25
5
5
5

S O D I U M
T O T A L

N D
N D
N D
N D
N D
648
N D
N D
N D

99.5

RL
500
500
500
500
500
500
500
500
500
500

L E A D
T O T A L

1520
1870

219
171

1230
743

3550
1750
1040
367

RL
5

25
5
5
5
5

25
5
5
5

A N T I M O N Y
T O T A L

8.1
42.2

N D
ND
N D

10.7
54.4

N D
14.2

N D

RL
6

30
6
6
6
6

30
6
6
6

Z I N C
T O T A L

410
278
151

86.1
261

3680
1060

433
279
204

RL
2

10
2
2
2
2

10
2
2
2

M E R C U R Y
T O T A L

2.9
11.4
0.23
0.15
0.93

6.6
8.7
1.1
1.8
1.0

RL
0.16
0.99

0.033
0.033

0.16
0.99
0.38
0.16
0.16

0.2

S I L V E R
T O T A L

0.58
0.44

0.3
0.79

1.1
0.80
0.63
0.85
0.82
0.80

RL
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

B A R I U M
T O T A L

339
155
124
125
157
189
278
330
121
252

RL
0.5
0.1
0.1
0.1
0.1
0.1
0.5
0.5
0.1
0.5

S a m p l e I D
ND-98-253
N D - 9 8 - 7 8 2
N D - 9 8 - 2 9 2
ND-98-640
N D - 9 8 - 6 2 7
ND-98-549
N D - 9 8 - 1 3 0 2
N D - 9 8 - 1 2 7 3
N D - 9 8 - 3 3 6
ND-98-245

C O B A L T
T O T A L

5.6
3.8
3.5
3.8
4.7
5.4
4.9
5.7
4.3
6.8

RL
0.1
0.1
0.1
0.
0.
0.
0.
0.
0.
0.

C H R O M I U M
T O T A L

16.7
21.0
22.8

8.6
55.5
21.0
36.4
21.4
47.8
13.8

RL
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

M A N G A N E S E
T O T A L

325
186
170
188
302
346
320
364
338
396

RL
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

N I C K E L
T O T A L

10.4
9.7
7.1
6.7
9.8
9.0

12.1
11.7
10.4
11.2

RL
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

S E L E N I U M
T O T A L

1.5
4.5

0.65
N D

0.92
2.6
5.2
1.4
1.7

N D

RL
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

T H A L L I U M
T O T A L

0.49
0.63
0.31
0.20
0.43
0.33
0.68
0.48
0.63
0.33

RL
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

V A N A D I U M
T O T A L

16.5
20.9
13.4
13.5
15.3
15.7
15.3
18.8
15.2
18.6

RL
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

A l l r e s u l t s i n m g / k g
N D : N o t Dete c t ed
RL: R e p o r t i n g L i m i t
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3.2.2 Environmental S a m p l i n g and Biomonitoring at Removal Proper t i e s
T h i s section summarizes environmental s a m p l i n g and b iomoni tor ing a c t i v i t i e s that were
impl ement ed during the Fall of 1998 at residences i d e n t i f i e d for yard soil removal action.
As a result of the f i n d i n g s from the Phase I inve s t iga t i on , the U S E P A i d e n t i f i e d a subset of
p r o p e r t i e s requiring con f i rmat i on analyses of residential soil . Because sampl e s c o l l e c t e d during the
Phase I stage were grab sampl e s , c on f i rmat i on analyses were necessary to determine whether the
sample was representative of the yard as a whole. T h e s e c on f i rmat i on analyses were impl ement ed
as part of the Phase n inve s t igat ion. Any residence having a maximum surface soil concentration
equal to or greater than 450 ppm for arsenic or 2000 ppm for lead was i n c l u d e d in the Phase n
inve s t iga t ion. B r i e f l y , s e l e c t ed residences were revisited and a 5-point c ompo s i t e sample was
c o l l e c t e d in each of the f ront and back yards. Arseni c and lead l e v e l s in these sample s were
measured. Any p r o p e r t y whose yard soil compos i t e s a m p l e exceeded the removal action l e v e l s for
either arsenic or lead was i d e n t i f i e d for soil removal.
Because the proper t i e s se lected for soil removal are l o ca t i on s where exposures are p o t e n t i a l l y h igh ,
it was considered to be important to obtain as much data as p o s s i b l e about the p o t e n t i a l risks
as soc iated with exposure to these contaminated so i l s before the removal occurred. T h e r e f o r e , an
environmental s a m p l i n g program was impl ement ed at all proper t i e s where removal actions were
expe c t ed . A d d i t i o n a l l y , a voluntary biomonitoring program was i m p l e m e n t e d in order to assess the
exposure l ev e l s of i n d i v i d u a l s r e s id ing in these homes.
3.2.2.1 Environmental S a m p l i n g Program
The environmental s a m p l i n g program was de s igned to q u a n t i f y the l e v e l s of arsenic, cadmium, l ead ,
and zinc present in indoor household and att ic d u s t , garden vege tab l e s and surface soil sample s co-
located with garden vege tab l e s , tap water (l ead o n l y ) , and exterior and interior paint (lead only).
S u r f a c e soil data for these p r o p e r t i e s were reported by UOS as part of Phase n report (USEPA
1998h).

A total of 21 residences was i d e n t i f i e d in the Phase n i n v e s t i g a t i o n for soil removal. Of these,
environmental s a m p l e s were c o l l e c t e d f r om 18 of the residences. Owners of the three remaining
proper t i e s d e c l ined to p a r t i c i p a t e in both the removal action and the environmental s a m p l i n g . All
environmental s a m p l i n g a c t i v i t i e s described in th i s section were i m p l e m e n t e d by the U S A G E . The
U S A G E contracted wi th R o y F . W e s t o n ( W E S T O N ) t o c o l l e c t a l l environmental sample s . S a m p l e s
prescribed in the p r o j e c t p l a n were c o l l e c t e d in accordance with the p r o j e c t p l a n (USEPA 1998a),
except as described in T a b l e 3.2-4.
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T a b l e 3.2-4 Summary of Environmental S a m p l i n g at Removal Proper t i e s
Residence

Code
A
B
C

D
E
F

G
H

1
J

K

L
M

N
O
P

L i v i n g Area Dust S a m p l e
(sq. f t s a m p l e d )

Y
Y ( 3 )
Y ( 2 )

Y ( 2 )
Y ( 2 )

Y ( 2 . 5 )

Y ( 2 )
Y ( 2 )

Y
Y ( 1 7 )
D ( 2 2 )

Y ( 2 )
N ( I 2 )

D ( 2 0 )
Y f 3 )

Y

A t t i c Dust S a m p l e
(sq. f t s a m p l e d )

Y
Y ( 2 )

N

Y ( 3 )
Y ( 2 )

Y (12 Linear +
I s q . )

Y ( l 2 L i n e a r )
N

D ( l )
Y ( 4 )
D ( 2 )

D ( 9 )
D ( 1 0 )

Y ( 3 )
Y
Y

W a t e r
S a m p l e

Y
Y
N

Y
Y
Y
D
D

Y
Y
Y

N
N

Y
Y
Y

V e g e t a b l e s
N
N
N

N
N
N
N
N

N
Y
N

N
N

N
N
N

Deviation from Pro j e c t Plan"

T e n a n t c l a imed there was no a t t i c access, not very cooperative.
We have checked back 3 t ime s , door is a lways open, but tenant doesn't answer. We have
not retrieved water s a m p l e b o t t l e s

Owner f i l l e d i n i t i a l b o t t l e i n t h e morning, b u t d i d n ' t f i l l t h e 5 minute b o t t l e .
We arrived to p i c k b o t t l e s up, had him f i l l the other b o t t l e a f t e r running tap 5 minutes.
A t t i c access b locked by full c lose t- T e n a n t s u p p o s e d l y moving weekend of Oct. 10.
Returned 2 days s t ra igh t for water s a m p l e s , which had not been taken. T e n a n t would not
let us in house, but let us fill b o t t l e s at an ou t s id e tap .
Attic had been converted to a bedroom, so a d u s t y corner of the bedroom was s a m p l e d .
H o u s e was very clean. Took 17 sq. ft. to obtain 0.5g l i v i n g room s a m p l e .
After va cuuming 22 sq. f t . , only recovered 0.2g of du s t . No a t t i c access. S a m p l e d
basement in p l a c e of a t t i c , and because it was the on ly p l a c e there was dust.
No a t t i c access. Took s u b s t i t u t e f rom basement.
Vacuumed 12 sq. ft. in l i v i n g room and recovered no s a m p l e . Has a t t i c access, but door
would be de s troyed in proces s of o p e n i n g it . S u b s t i t u t i o n for a t t i c s a m p l e was taken
f r o m top of cabinet s in ki t chen.
Vacuumed 20 sq ft, o n l y recovered 0.2g of dus t .

D = D e v i a t i o n
Y = S a m p l e C o l l e c t e d
N = S a m p l e N o t C o l l e c t e d
a = U S E P A . 1998a
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Indoor Household and Attic Dust
Two t y p e s of indoor dust were c o l l e c t e d at each residence: hous eho ld dust and at t i c dust . The
hou s eho ld dust e s t imates re s ident ial dust exposure whereas att ic dust provides an e s t imate of hi s toric
d e p o s i t i o n of dust.
Dust s ampl e s were c o l l e c t e d f rom surface s using a low-volume vacuum method in accord with
p r o t o c o l s ou t l ined in the p r o j e c t plan. In b r i e f , s ampl e s were c o l l e c t e d by p l a c i n g a t e m p l a t e of
known area at the l o ca t i on to be sampl ed and then vacuuming the area in s ide of the t e m p l a t e unti l
a sampl e mass of a p p r o x i m a t e l y 1 gram was obtained. H o u s e h o l d dust was c o l l e c t e d in the l i v i n g
area of each residence (e.g. bedroom, kitchen, l i v i n g room, etc.) whereas at t i c dust sample s were
obtained in a t t i c s and l o f t s . H o u s e h o l d dust s a m p l e s were c ompo s i t ed f r om s a m p l e s c o l l e c t e d in
each of the bedroom, kitchen and l i v i n g space. A s i n g l e t e m p l a t e f r om each of three rooms was
prescribed. Larger quant i t i e s of dust were a n t i c i p a t e d in the a t t i c ; t h e r e f o r e , a s i n g l e t e m p l a t e was
prescribed for at t i c dust c o l l e c t i o n .
However, c o l l e c t i o n of a s u f f i c i e n t mass of dust (1 gram) was problematic . If the mass of s a m p l e
col lec ted from a s ingle t empla t e was inadequate, additional t empla t e s were placed and vacuumed
until the a p p r o p r i a t e s a m p l e size was obtained. If several t e m p l a t e s were p la c ed but y i e ld ed
i n s u f f i c i e n t s a m p l e mass, th i s i n f o r m a t i o n was noted. A d d i t i o n a l l y , there are two cases where attic
dust s a m p l e s could not be c o l l e c t e d . In these cases sampl e s were c o l l e c t e d f r om the basement. The
a n a l y t i c a l re su l t s for these s ampl e s are provided in A p p e n d i x HI, however, these s a m p l e s are not
in c luded in s t a t i s t i c a l evaluations.
All dust samples were containerized, labeled and transported to the Universi ty of Colorado for
s a m p l e preparat ion and analys i s in accordance wi th p r o j e c t requirements. S a m p l e s were sieved to
remove p a r t i c l e s such as l in t or hair. All sample s were then analyzed for f our metal s: arsenic ( A s ) ,
cadmium ( C d ) , lead ( P b ) and zinc ( Z n ) using X R F .
Due to l imi t ed s a m p l e size, chemical analys i s of the dust s ampl e s was prob l ema t i c and several
s a m p l e s could not be analyzed. A d d i t i o n a l l y , because of s a m p l e size l i m i t a t i o n s , a n a l y s i s via the
prescribed method (XRF) was not a lways p o s s i b l e . T h e r e f o r e , all dust s a m p l e s were prepared us ing
a boric acid d i g e s t i o n and analyzed via I C P . The summary s t a t i s t i c s are shown in T a b l e 3.2-5.
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T a b l e 3.2-5 Summary S t a t i s t i c s for A t t i c and H o u s e h o l d Dust
A t t i c Dust

A n a l y t e
As
Pb

Cd
Zn

I C P ( p p m )
N
8
8
8
8

DF
2/8
8/8
8/8
8/8

Mean
58

1156
58

2374

Min
53

253
21

443

Max
62

2900
173

7218

XRF ( p p m )
N
9
9
9
9

DF
7/8
9/9
9/9
9/9

Mean
230

1414
56

2384

Min
53

231
7

427

Max
499

4106
275

4538

Househo ld Dust

A n a l y t e
As
Pb

Cd
Zn

I C P ( p p m )
N [ DF
8
8
8
8

0/8
8/8
8/8
8/8

Mean
—

318
18

661

Min
—

121
5

254

Max
—

625
44

1121

XRF ( p p m )
N
15
15
15
15

DF
14/15
1 5 / 1 5
1 5 / 1 5
1 5 / 1 5

Mean
107
243

18
984

Min
45
67

6
318

Max
172

1145
39

2002
N = number of s ampl e s
DF = d e t e c t i o n f r equency

Tap Water
Two tap water sampl e s were obtained at each residence: a f i r s t f l u s h and pos t f l u s h sample . A "f ir s t
f l u s h " s a m p l e measures the lead l ev e l s in water that has remained in the p i p e s for a whi l e . A "post
f l u s h " sample was c o l l e c t e d a f t e r running the tap for 5 minutes. Members of the f i e l d crew c o l l e c t e d
water sampl e s during their f i e l d v i s i t , so " f ir s t f l u s h " s a m p l e s were not a lways c o l l e c t e d b e fore water
use in the house began in the morning (as prescribed in the p r o j e c t p l a n ) . All water s a m p l e s were
c o l l e c t e d into p o l y e t h y l e n e b o t t l e s already c on ta in ing the a p p r o p r i a t e nitric acid pre servat ive and
l a b e l e d . S a m p l e s were transpor t ed under c h a i n - o f - c u s t o d y to a commercial laboratory for a n a l y s i s
of lead l eve l s . T a b l e 3.2-6 provide s the summary s t a t i s t i c s for lead in tap water.

T a b l e 3.2-6 Summary S t a t i s t i c s for Lead in Tap Water

F i r s t F l u s h
Post F l u s h

N
12
12

Detec t ion
Frequency

DF
5 / 1 2
3 / 1 2

%
42%
25%

Min.
3
3

Max.
11.4
6.0

U n i t s in fj,g/L
N = number of s a m p l e s
DF = d e t e c t i o n f r e q u e n c y
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Lead in Paint
C h i p p i n g and f l a k i n g of lead paint is sometimes a source of lead exposure in o lder homes (tho s e
bu i l t be fore 1978). To evaluate th i s exposure p a t h w a y , lead l ev e l s in interior and exterior paint were
measured at each residence using a hand-held X R F . The measured value and the lo ca t ion where
measurements were taken were documented in the f i e l d notes. The re su l t s are reported in
A p p e n d i c e s H3, H4 and H5. A total of 130 out of 144 samples had lead values above 1 mg/cm 2 , the
national d e f a u l t screening level for leaded paint (HUD 1995). Summary s t a t i s t i c s are presented
below:

Location
Inter ior
Exterior

Number of S a m p l e s
89
55

Mean (mg/cm 2 )
4.2
4.8

Range (mg/cm 2 )
0.3 - 19
0.4 - 14

Garden Vegetables
S a m p l e s of garden vegetables were obtained at only a s ing l e residence. Two varieties were obtained:
a l e a f y herb (mint), and a root vege tab l e ( p o t a t o . ) A co-located garden soil sample was also
c o l l e c t e d . T h e s e sampl e s were containerized, l ab e l ed and transported under chain-of cu s t ody to a
commercial laboratory for analys i s of arsenic, l e a d , cadmium and zinc. The r e su l t s are reported in
A p p e n d i x H6. Arsenic, lead and cadmium were not detected in vege table s ampl e s . T h e s e chemicals
were detec t ed at low l ev e l s in the garden soi l . Low l e v e l s of zinc were observed in both v ege tab l e s
and so i l .
3.2.2.2 Biomonitoring Program
The b iomoni tor ing program was de s igned to determine whether re s ident s of p rop er t i e s c onta ining
high l e v e l s of arsenic and/or lead have increased exposures to these chemicals . Biomarkers of
exposure that were measured in c luded blood l ead , urine arsenic, and hair arsenic.
The b iomoni tor ing program consis ted of two phases: 1) a d m i n i s t r a t i o n of a ques t ionnaire; and 2)
b i o l og i ca l s a m p l e c o l l e c t i o n and analys i s . The 21 residences i d e n t i f i e d in the Phase n i n v e s t i g a t i o n
for soil removal were o f f e r e d the o p p o r t u n i t y to p a r t i c i p a t e in the b iomoni tor ing program. An
a t t empt was made to obtain p a r t i c i p a t i o n f r om at l eas t one resident per proper ty. However, all
p a r t i c i p a t i o n was s t r i c t l y on a volunteer basis. A U S E P A repre s enta t ive contacted r e s id en t s to
in form them about the s t u d y , to determine their level of interest in p a r t i c i p a t i n g and to admini s t er
the questionnaire. Responses f rom w i l l i n g p a r t i c i p a n t s were recorded and vouchers to vis i t a c l i n i c
in G l o b e v i l l e for sample co l l e c t i on were di s tr ibuted. All b lood, hair and urine samples were
c o l l e c t e d , containerized and l a b e l e d at Concentra Medical Center in G l o b e v i l l e in accordance wi th
the standard o p e r a t i n g procedures in the p r o j e c t p l a n . F o l l o w i n g c o l l e c t i o n , al l s a m p l e s were
t rans f erred under c h a i n - o f - c u s t o d y to an approved commercial laboratory for analys i s . A d i s cu s s i on
of these r e s u l t s is prov ided below.
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Biomonitoring Results
Demographic i n f o r m a t i o n was obtained at 17 of the 21 homes s chedul ed for soil removal. Based
upon the in f ormat i on provided on the questionnaire, 69 p e o p l e reside at these 17 proper t i e s . Of
these, a total of 15 p e o p l e f r om six separate residences volunteered to p a r t i c i p a t e in the
b iomoni tor ing program. All b iomoni tor ing re su l t s for these i n d i v i d u a l s have been reported to the
p a r t i c i p a n t s by le t t er.
Biomonitoring r e su l t s are pre sented in A p p e n d i x H8 and are summarized in T a b l e 3.2-7. Key
f i n d i n g s are noted below:
• All blood lead re su l t s were below the benchmark value of 10 / i g / d L . The maximum value

was 4 j u g / d L , and the geometric mean was 2.2 j u g / d L . T h e s e values are wi th in the normal
range observed in nat ional surveys.

• Arsenic was not de t ec t ed in any sample of urine. In f i v e cases, the urine appeared to be f a i r l y
d i l u t e (based on low creatinine l e v e l s ) , so the de t e c t i on l i m i t s (expre s s ed as micrograms
arsenic per gram creat inine) were above the benchmark value of 50 jLig/g. In order to c on f i rm
that urinary l e v e l s were not above normal l e v e l s , each of these i n d i v i d u a l s was o f f e r e d the
o p p o r t u n i t y for retes t ing. However, none chose to accept the o f f e r .

• Arsenic was below the level of de t e c t ion in 14 of 15 hair sampl e s . In the one sample which
was d e t e c t e d , the concentration (0.41 jag/g) was w i th in the normal range. For 2 of the 14
nonde t e c t s , because of l i m i t e d s a m p l e mass the d e t e c t i o n l imi t was s l i g h t l y above the
benchmark value of 1 / i g / g . In order to confirm that hair arsenic l eve l s were not above
normal l e v e l s , each of these i n d i v i d u a l s was o f f e r e d the o p p o r t u n i t y for re t e s t ing. However,
none chose to accept the o f f e r .

Because of the small number of p a r t i c i p a n t s , these b iomonitoring data must be in t erpre t ed wi th
caution. However, the data sugges t that exposure l e v e l s to lead and arsenic in these i n d i v i d u a l s
were not s i g n i f i c a n t l y greater than normal.
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T a b l e 3.2-7 Summary S t a t i s t i c s for the Biomonitoring Program
Lead

N T o t a l
Benchmark
N Detect ion

L i m i t s >
Benchmark

Min
Max

Geomean
N > Benchmark

Lead in Blood
15
10
0

1
4

2.2
0

Lead in blood unit s: / i g / d L blood

Arsenic
Medium

H a i r
Urine
Urine

U n i t s
/ u g / g hair

M g / L
/ i g / g creat inine

N T o t a l
15
15
15

Benchmark
1
-
50

Maximum
Detection

0.41
—
--

Range of N o n -
detec t s

0.26-1.32
10-20

5.8-135

N o n - d e t e c t s >
Benchmark

2
-
5

-- Not A p p l i c a b l e
N = no. of s a m p l e s
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3.2.3 Qual i ty A s s u r a n c e / Q u a l i t y Control
In order to test the accuracy of b lood lead analy s i s at the commercial laboratory, b l i n d Q u a l i t y
Control ( Q C ) s tandard s were inserted into the sample stream at a frequency of 10% of t o ta l s ampl e s .
As seen in T a b l e 3.2-8 re su l t s f rom these s ampl e s were wi th in a c c ep tab l e l i m i t s . Blind QC s tandard s
for the remaining matrices (urine and hair) could not be acquired in time to meet the e x p e d i t e d
s a m p l i n g program; ther e f or e QC re su l t s are unavai lab l e .

T a b l e 3.2-8 Blind QC S t a n d a r d s for Blood Lead A n a l y s i s
Control

Name

Blood 3658
Blood 3658

Control
Number

1307
1312

C e r t i f i e d Lead
Concentration

( M S / d L )
15.3
15.3

Measured Lead
Concentration

O i S / d L )
13
13

% Recovery

85
85

Accep tanc e
Limit s (%)

85-115
85-115

In order to determine the accuracy of metals analys i s for dust s ampl e s , b l ind QC s tandards were
inserted into the s a m p l e stream. A p p e n d i x Al contains a f i g u r e which compares the nominal values
with the analyt i ca l r e su l t s obtained by XRF and ICP. As seen, ICP re su l t s appear more accurate for
arsenic, lead and zinc. I n c o n s i s t e n t recoveries for me ta l s measured via XRF sugges t that chemical
data obtained from ICP ana ly s i s of arsenic, lead and zinc for dust sampl e s may be more r e l i ab l e than
X R F .
3.3 Phase III I n v e s t i g a t i o n
R e s u l t s f rom the Phase I and Phase II s a m p l i n g programs, s u p p l e m e n t e d with the data and f i n d i n g s
f rom the Risk-Based S a m p l i n g Program and the Phys i co-Chemical Charac t er iza t i on Program,
ind i ca t ed that there are proper t i e s present in the V B / I - 7 0 site where arsenic and/or lead could be in
a range of h ea l th concern to p e o p l e who come into contact wi th the s o i l s , p a r t i c u l a r l y over many
years. The e x i s t i n g data did not ind i ca t e a clear s p a t i a l pat t ern of soil contaminat ion that would
enable the U S E P A to predic t where the h ighe s t l o c a t i o n s are l o ca t ed . For t h i s reason, U S E P A tasked
W a s h i n g t o n Group I n t e r n a t i o n a l , Inc. to undertake a large-scale s a m p l i n g program de s igned to
suppor t r e l iab l e risk assessment and remedial risk management deci s ions. T h i s program is referred
to as the Phase HI I n v e s t i g a t i o n . The i n v e s t i g a t i o n consi s ted of two separate s tages (Phase IHA and
Phase mB), and f i v e primary ac t iv i t i e s :
• S a m p l i n g sur face s o i l s (0"-2") in r e s id en t ia l yards throughout the s t u d y area
• S a m p l i n g sur face s o i l s in a subset of r e s id en t ia l yards using i n d i v i d u a l grab s a m p l e s
• S a m p l i n g indoor dust in homes
• S a m p l i n g v eg e tab l e s and sur face s o i l s (0"-6") f r om re s id en t ia l v eg e tab l e gardens
• S a m p l i n g school and park surface s o i l s (0"-2")
As part o f the Phase f f l I n v e s t i g a t i o n , the U S E P A expanded the s t u d y area south to Martin Luther
K i n g Boulevard to in c lude al l o f the C l a y t o n and C o l e neighborhoods . The data q u a l i t y o b j e c t i v e s ,
s t u d y d e s i g n , and procedures for the f i e l d , laboratory and data management a c t i v i t i e s were d e t a i l e d
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in the Phase m F i e l d I n v e s t i g a t i o n P r o j e c t Plan dated A u g u s t 4, 1999 ( U S E P A 1999a), as
s u p p l e m e n t e d by revised S O P s and the Res ident ia l Garden V e g e t a b l e S a m p l i n g and A n a l y s i s Plan
( U S E P A 1999b).
Phase ]HA fo cu s ed on ob ta ining access to and s a m p l i n g p r o p e r t i e s ( i n c l u d i n g res idences , s choo l s ,
and parks) that had not been inves t igated in Phases I or H. Garden vege table s , garden s o i l s , indoor
re s ident ia l du s t , and s choo l s , parks, and a l l e y s o i l s also were i d e n t i f i e d for s a m p l i n g during PhaseH I A .
Phase IHB cons i s t ed of r e s a m p l i n g all proper t i e s that had p r e v i o u s l y been s a m p l e d in Phase I or n
and for which access was granted. The U S E P A determined that the r e sampl ing was needed because
the e x i s t i n g data were j u d g e d to be too l imi t ed to suppor t clear risk-management deci s ion making.
A d d i t i o n a l l y , r e s i d en t ia l , school and park proper t i e s that had not yet been sampl ed were targeted for
s ampl ing during Phase IUB. A residential grab sampl ing program also was comple t ed during Phase
UIB at proper t i e s where the compos i t e sample s indicated the p o t e n t i a l for i s o l a t e d "hot spot"
concentrations.
3.3.1 Proper ty Access
Writ t en consent for property access was gained through a combination of mai l ing s , door-to-door
canvassing, phone contact s , and p u b l i c meetings. F l y e r s announcing the p u b l i c meet ings are
inc luded in A p p e n d i x K. A summary of the p u b l i c meet ings is shown below:

Public Meet ings
Date
March 10, 1999
J u n e 22, 1999
S e p t e m b e r 22, 1999
S e p t e m b e r 28, 1999
February 22, 2000
February 23, 2000
S e p t e m b e r 26, 2000
S e p t e m b e r 27, 2000

T y p e
I n f o r m a t i o n S e s s i o n
P u b l i c M e e t i n g
Open H o u s e
Open H o u s e
P u b l i c M e e t i n g
P u b l i c M e e t i n g
P u b l i c M e e t i n g
P u b l i c M e e t i n g

G e n e r a l l y , written consent for access is required prior to the U S E P A c o l l e c t i n g any s a m p l e s from
a p r o p e r t y . Several proper t i e s were i n a d v e r t e n t l y s ampl ed without access or sampled at the
USEPA's direc t ion based on verbal consent from the owner. The summary of access by
neighborhood is provided in T a b l e 3.3-1. The Phase HI S a m p l i n g Program succeeded in ob ta in ing
access to 3,026 out of a t o ta l 3,931 target r e s id en t ia l proper t i e s , or 77% of the target proper t i e s .
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T a b l e 3.3-1 Summary of Phase III S a m p l i n g by N e i g h b o r h o o d

T A R G E T P R O P E R T I E S
Acce s s Granted
Acce s s G r a n t e d , N o t S a m p l e d 1

Access Grant ed , S a m p l e d
S a m p l e d W i t h o u t Acces s Granted

T o t a l S a m p l e d
Acces s Declined

C L A Y T O N
1251

917
( 1 7 )
900

7
907

49

COLE
1121

801
( 6 )

795
9

804
19

E L Y R I A
86
57
57

3
60

5

GLOBE-
V I L L E

92
65
( 2 )
63

0
63

2

S W A N S E A
1381
1186

( 2 5 )
1161

12
1173

41

T O T A L
3931
3026

(50)
2976

31
3007

116
PROPERTY T Y P E
Resident ial=RES
Res iden t ia l=VAC-RES
Residential=DHA ( G O V - R E S )
Residen t ia l=MBL

T o t a l Residential
S c h o o l s
Parks
Government Property

T o t a l S a m p l e d

879
0

23
0

902
2
3
0

907

795
0
1
0

796
7
1
0

804

58
0
0
0

58
0
1
1

60

63
0
0
0

63
0
0
0

63

1127
1

41
1

1170
1
2
0

1173

2922
1

65
1

2989
10
7
1

3007
O T H E R M E D I A S A M P L I N G
Gardens
I n d o o r Dust

7
21

9
24

1
5

0
11

2
14

19
75

PROPERTY A C T I O N S
Phase I I I A A c t i o n s
N o Act ion
N o Immedia t e A c t i o n
Immediate Removal A c t i o n

Phase I I I B Actions
N o A c t i o n
N o Immediate A c t i o n
I m m e d i a t e Removal A c t i o n

219
417

8

103
151

4

114
470

14

29
167

2

5
40

1

2
10
0

6
30
0

2
25
0

85
136

0

268
677

4

1545
428

1091
23

1444
404

1028
101 Not s ampl ed due to subsequent access r e s t r i c t i on s (43 p r o p e r t i e s ) or lack of area for s a m p l i n g (7 p r o p e r t i e s )

On J u n e 11, 1999, the i n i t i a l l e t t e r request ing p r o p e r t y access was sent to all home owners, as
recorded in the 1998 c i ty tax assessor records, of a p p r o x i m a t e l y 2600 p r o p e r t i e s that had not been
sampl ed during the 1998 Phase I or Phase n s a m p l i n g programs. Acce s s agreements were sent for
the owner to sign and return in the s e l f -addre s s ed p o s t a g e - p a i d envelope provided. In the ini t ia l
re sponse , access agreements were received for 1362 p r o p e r t i e s , a l l o w i n g s a m p l i n g to proceed during
th e summer and early fa l l months. T h r o u g h o u t th e s a m p l i n g e f f o r t , f i e l d personnel spoke wi th
re s ident s and requested and obtained written consent for p r o p e r t y access.
On Sept ember 30, 1999, a second le t t er requesting access was mailed to owners of proper t i e s that
had not p r o v i d e d access and had not been s a m p l e d . Acce s s was received at an a d d i t i o n a l 257
p r o p e r t i e s through response to the ma i l ing and door-to-door canvassing.
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S e p a r a t e agreements were obtained from re s ident s of 75 homes for access to the home interior and
c o l l e c t i o n of indoor dust during October and November 1999.
The U S E P A determined in December 1999 that the data f rom Phase I and Phase n s a m p l i n g
programs were too l imi t ed to suppor t clear risk management deci s ions. On th i s basis, U S E P A
decided to re sample those proper t i e s pr ev i ou s ly sampl ed in 1998, whi le cont inuing to gain access
to unsampled proper t i e s through door-to-door e f f o r t s and at p u b l i c meetings. T h i s second Phase El
sampl ing e f f o r t became known as the Phase lEB S a m p l i n g Program. Owners were n o t i f i e d of the
planned r e s a m p l i n g by l e t t e r on March 14, 2000. S i g n e d access agreements were in p l a c e f r om
1998, and f i e l d personnel obtained new access agreements where p r o p e r t y ownership had changed.

The Denver H o u s i n g A u t h o r i t y (DHA) proper t i e s are tracked as government, rather than r e s i d e n t i a l ,
proper t i e s in the city tax assessor records. The s e proper t i e s were there fore not i n i t i a l l y i d e n t i f i e d as
target Phase IE propert i e s . DHA provided a c o m p l e t e l i s t of their proper t i e s and written consent for
access on July 19, 2000. T h e s e propert i e s were sampl ed as part of Phase IHB.
Throughout the Phase HI program, each home that had not prov ided access for s a m p l i n g in response
to USEPA's written requests was visited by f i e l d crews a minimum of two times, i n c l u d i n g weekend
and/or evening hours in an at tempt to gain access to every property. Homes in the southern por t i on s
of Co l e and C l a y t o n neighborhoods were visi ted a d d i t i o n a l times because those areas were not
inc luded in the Phase I and Phase II s tudy area and re s ident s were thought to be l e s s f a m i l i a r with
t h e U S E P A s a m p l i n g e f f o r t .
In add i t i on to the re s ident ia l proper ty access, written permiss ion to s a m p l e also was requested and
received from the C i t y and County of Denver Parks and Recreation Department , Denver P u b l i c
S c h o o l s , and all private s chool s inc luded in the s a m p l i n g program.
3.3.2 Residential S o i l S a m p l i n g
The re s ident ia l soil s a m p l i n g was the largest component of the Phase HI I n v e s t i g a t i o n ( F i g u r e 3.3-1).
The soil s a m p l i n g was per formed to i d e n t i f y proper t i e s with elevated l e v e l s of arsenic and lead in
surface so i l s and to support re l iab l e exposure and risk assessment c a l c u l a t i o n s , which w i l l be used
for risk management decisions regarding the need to remediate residential soil. Compos i t e surface
soil s a m p l e s were c o l l e c t e d f r om all re s ident ial proper t i e s . I n d i v i d u a l grab s a m p l e s a l so were
c o l l e c t e d f r om se lec ted proper t i e s .
3.3.2.1 Phase III Residential S o i l S a m p l i n g S t u d y Design
USEPA has es tabli shed the f o l l o w i n g recommended performance measures for baseline risk
asses sments in the S u p e r f u n d program (USEPA 1992b):
• There s hou ld be no greater than a 20% p r o b a b i l i t y of requiring remedial action when no

action is required; and
• There should be no greater than a 10% p r o b a b i l i t y of not requiring remedial action when

act ion is required.
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At the V B / I - 7 0 s i te , EPA des igned the Phase in re s ident ial soil s a m p l i n g program to meet or exceed
these per formance measures. At th i s s i te , a re s ident ia l p r o p e r t y is assumed to require remedial action
unles s there is at least 95% c o n f i d e n c e that no action is required.
For arsenic, th i s per formance measure is met by using the 95% U p p e r C o n f i d e n c e Limit of the
ari thmetic mean concentration of arsenic in soil at the p r o p e r t y as the exposure po in t concentration
in the base l ine risk assessment and as the basis for remedial decision making. T h a t is, if the h e a l t h
risks associated with exposure to the 95% UCL are a c c ep tab l e , there is at least 95% c o n f i d e n c e that
the true arithmetic mean of arsenic for the proper ty is below the 95% UCL and that risks are wi thin
a c c e p t a b l e l imi t s . However, the use of 95% UCL for arsenic means that some proper t i e s where true
risks are a c t u a l l y a c c ep tab l e may be i d e n t i f i e d as requiring action. The recommended per formance
measure is to l imi t the frequency of th i s type of error to no more than 20%. For the V B / I - 7 0 p r o j e c t ,
EPA's goal was to ensure that the frequency of this t y p e of thi s t y p e of decision error was as low as
could be achieved with the a v a i l a b l e s a m p l i n g and analys i s budget. EPA may dec ide to c o l l e c t
add i t i ona l soil sample s to f ur th er reduce th i s type of error as part of remedial design.
For l ead, the e s tab l i sh ed performance measure is met by using the EPA Integra t ed Exposure U p t a k e
Biokinetic (BEUBK) model or other a p p r o p r i a t e mathematical model that describes the p r o b a b i l i t y
that an ind iv idua l exposed to a s p e c i f i e d set of environmental lead l ev e l s w i l l have a b lood lead
value that is above a level of h ea l th concern. An ac c ep tab l e level of lead in soil is d e f i n e d as the
arithmetic mean soil concentration within a yard such that a typical child or group of s imi lar ly
expo s ed ch i ldren would have a p r e d i c t e d risk of no more than 5% of exceeding a blood lead level
of 10 micrograms per d e c i l i t e r (/xg/dL).
The key de s ign elements of the soil s a m p l i n g component of the Phase En p r o j e c t are as summarized
below.
Sampling Depth
A v a i l a b l e data on lead and arsenic l e v e l s in r e s id en t ia l s o i l s were s u f f i c i e n t to e s t a b l i s h that when
contamination is present in a yard, it is mainly s u r f i c i a l (0-2 inches), and that concentrations of
contaminants in subsurface soil tend to be lower than in the surface soil (USEPA 1999a, A p p x C).
T h u s , Phase in was des igned to characterize only sur f i c ia l soil in re s ident ial yards. Once proper t i e s
that are p o t e n t i a l l y unacc ep tab l e are i d e n t i f i e d , U S E P A may choose to c o l l e c t sub sur face soil
s a m p l e s to h e l p determine the a p p r o p r i a t e d e p t h of r emediat ion, as a p p r o p r i a t e during remedial
de s ign.
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Calculation of the 95% UCL
C u r r e n t l y , U S E P A has e s t ab l i s h ed d e f a u l t methods for c a l c u l a t i n g the 95% UCL for d i s t r i b u t i o n s
that are either normal or lognormal (USEPA 1992a):

Normal:
S ( 1 )t *M - C M - 1

where: m = arithmetic mean of the data
s = standard deviat ion of the data
n = number of s ampl e s1 i-cui-i = t - s t a t i s t i c for the ( 1 - a ) p e r c e n t i l e of the t d i s t r i bu t i on with n-1

degrees of f r e e d o m
Lognormal:

UCL = exp (2)

where: m t = mean of the l og- trans formed data
s, = standard deviat ion of the l og- trans f ormed data
n = number of s a m p l e s
H = H - s t a t i s t i c f rom tab l e in U S E P A , 1992a

Equations for c a l c u l a t i n g the 95% UCL of the mean for d i s t r i b u t i o n s other than the normal and the
lognormal are not r e a d i l y available .
At thi s s i te, data f r o m eight re s ident ial p r o p e r t i e s that were i n t e n s i v e l y s ampl ed suggest the
d i s t r i b u t i o n of arsenic values within a re s ident ia l p r o p e r t y t ends to be r ight- skewed, at leas t for
p r o p e r t i e s where concentration values are s u b s t a n t i a l l y higher than average (see F i g u r e 3.3-1 a). T h i s
i n d i c a t e s that a log-normal d i s t r i bu t i on might be a p p r o p r i a t e for characterizing the d i s t r i b u t i o n s at
such lo ca t i on s . However, t e s t s of the d i s t r i b u t i o n at these impac t ed proper t i e s reveal that the data
are not well characterized by a lognormal (or a normal) d i s t r i b u t i o n ( F i g u r e 3 . 3 - l b ) . The d i s t r i b u t i o n
of values at p r o p e r t i e s that are not impac t ed or m i n i m a l l y impac t ed (mean concentration = 40-70
m g / k g ) appears to be more nearly normal ( F i g u r e 3.3-lc), but are s t i l l skewed at the low end by the
presence of m u l t i p l e values be low the de t e c t i on l i m i t . Because the d i s t r i b u t i o n s are not well
characterized as ei ther normal or l ognormal , use of either equation 1 or equation 2 as the basis for
c a l c u l a t i n g the 95% UCL based on a series of grab sampl e s might y i e l d r e su l t s that are not accurate.
One way to minimize prob l ems as soc iated with c a l c u l a t i n g the 95% UCL of the mean for
nons tandard d i s t r i b u t i o n s is by c o m p o s i t i n g . T h i s is because, r egard l e s s of the shape of the parent
d i s t r i b u t i o n , the d i s t r i b u t i o n of the values of c ompo s i t e s a m p l e s w i l l approach a normal d i s t r i b u t i o n
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if the number of sub- sample s is s u f f i c i e n t l y large and the sub-sample s are t h o r o u g h l y mixed,
a l l o w i n g use of equation 1 for c a l c u l a t i o n of the UCL of the mean at a proper ty . In a d d i t i o n , the
v a r i a b i l i t y between compo s i t e s ampl e s is l e s s than between grab s a m p l e s , so uncertainty in the mean
of c ompo s i t e s a m p l e s is u s u a l l y l e s s than for an equal number of grab sample s . For these reasons,
the Phase in soil s a m p l i n g s tudy u t i l i z e d c o m p o s i t i n g of grab s a m p l e s c o l l e c t e d wi th in a p r o p e r t y .
Number of Grab Samples per Composite
In order to e s t imate the number of grab s a m p l e s per c ompo s i t e needed to reduce in t ra-compo s i t e
var iab i l i ty and to ensure that d i s t r i b u t i o n of compos i t e s is a p p r o x i m a t e l y normal, Monte Carlo
s imula t i on s were per f ormed using s i t e - s p e c i f i c data from p r o p e r t i e s that had been i n t e n s i v e l y
s ampl ed (140-160 data p o i n t s per proper ty). In these s imula t ions , grab s a m p l e s of size j (j = 5 , 1 0 ,
1 5 , 2 5 , 30, 50 grabs per c o m p o s i t e ) were r e p e a t e d l y drawn, and the compos i t e mean was ca l cu la t ed
as the mean of the grab sample s . T h e n the d i s t r i bu t i on of the compos i t e values was t e s t ed for
normali ty. The r e su l t s are presented in A p p e n d i x E of the F i n a l Phase HI F i e l d I n v e s t i g a t i o n Plan
( U S E P A 1999a). Based on these t e s t s , a set of 10 sub-samples was f o u n d to be adequate to ensure
that the d i s t r i b u t i o n of the c ompo s i t e s drawn f rom m i n i m a l l y impac t ed proper t i e s ( s a m p l e mean =
40-70 m g / k g ) w i l l be a p p r o x i m a t e l y normal.
At the i n t e n s i v e l y sampl ed proper t i e s that were c l e a r l y impacted ( s a m p l e mean = 390-2370 m g / k g ) ,
the number of grab s a m p l e s per c ompo s i t e needed to ensure that the d i s t r i b u t i o n of c ompo s i t e s is
a p p r o x i m a t e l y normal is about 15-25. T h u s , the d i s t r i b u t i o n of the 10-point c ompos i t e sample s from
such a p r o p e r t y is l i k e l y to be somewhat right-skewed. For right skewed d i s t r i b u t i o n s , the median
is le s s than the mean and ther e f or e a s i n g l e 10-point compos i t e s a m p l e is more l i k e l y to be below
the true mean than above the true mean. However , some 10-point c ompo s i t e s a m p l e values may be
raised by very high a l though in frequent values and the mean of the three 10-point compos i t e s ampl e s
s h o u l d , t h e r e f or e , approach the true mean and use of equation 1 to c a l c u l a t e the 95% UCL could
undere s t imate the true U C L . At such a locat ion, it is e xp e c t ed that the i d e n t i f i c a t i o n of the p r o p e r t y
as p o t e n t i a l l y unac c ep tab l e can r e a d i l y be made based on the sampl e mean. T h a t is, if the s a m p l e
mean ind i ca t e s unacc ep tab l e risks, the p r o p e r t y may be c l a s s i f i e d as p o t e n t i a l l y unac c ep tab l e wi thout
regard to the value of the UCL. T h e r e f o r e , the p o s s i b i l i t y of incorrectly i d e n t i f y i n g the proper ty as
ac c ep tab l e when it is r e a l l y not a c c ep tab l e is very sma l l .
Number of Composites per Property
The number of c ompos i t e s per yard d e p e n d s on the a c c e p t a b l e p r o b a b i l i t y of requiring remedial
action when no action is required ( f a l s e p o s i t i v e ) . T h i s is the case when a p r o p e r t y is incorrec t ly
i d e n t i f i e d as being above a level of concern when it is a c t u a l l y below a level of concern. In general,
as the number of c ompo s i t e s increases, the chances of making th i s t y p e of error decreases. However,
the exact number depends on the expected d i f f e r e n c e between the level associated with unacceptable
risk and the t y p i c a l level in unimpac t ed p r o p e r t i e s . T h a t i s , the wider the d i f f e r e n c e between the
mean value at un impac t ed p r o p e r t i e s and the level as soc iated wi th unacc ep tab l e ri sks, the f e w e r
s a m p l e s that are needed. As noted above, EPA guidance ( U S E P A 1992b) recommends that the value
be no more than 20%, and the goal of the s t u d y is to reduce the f a l s e p o s i t i v e error rate to the
maximum extent that a v a i l a b l e resources w i l l permit.
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In order to i n v e s t i g a t e the r e l a t i o n s h i p between the f a l s e p o s i t i v e error rate and the number of
compos i t e s at th i s s i te, a Monte Carlo s imulat ion was per formed based on an assumed d i s t r i bu t i on
of arsenic l eve l s in unimpacted proper t i e s . T h i s d i s t r i bu t i on was based on ava i lab l e da ta on arsenic
l e v e l s in re s ident ia l surface soil s ampl e s c o l l e c t e d in the v i c in i ty of the G l o b e p l a n t (see F i g u r e 3.3-
Id). Each data point represents the measured arsenic value in a f our-po in t c ompos i t e f rom a
res idential proper ty. Value s higher than 70 m g / k g were assumed to represent p o t e n t i a l l y impac t ed
proper t i e s , and were not considered in the approx imat i on of the background d i s t r ibu t i on. Even
though these data are f r om outs ide the V B / I - 7 0 s tudy area, the d i s t r i b u t i o n of values is j u d g e d to be
reasonably pred i c t iv e for those that are expec t ed to occur within the s tudy area. Based on these data,
the d i s t r i b u t i o n of true p r o p e r t y means at an unimpacted p r o p e r t y was modeled as:

Background = L N ( 2 1 , 1 3 )
where:

L N ( 2 1 , 13) = lognormal d i s t r i bu t i on with parameters 21 and 13
21 = mean of the ( u n t r a n s f o r m e d ) data
13 = standard deviat ion of the ( u n t r a n s f o r m e d ) data

From th i s d i s t r i b u t i o n , a series of random "true means" were s e l e c t ed , each repre s ent ing a randomly
selec ted background property. The inter-grab sampl e var iab i l i ty at each p r o p e r t y with "true mean"
m was s imulated based on the observed range of inter-grab-sample var iab i l i ty at the eight prop er t i e s
that had been i n t e n s i v e l y s a m p l e d . At these proper t i e s , the c o e f f i c i e n t of variation (CV = standard
dev ia t i on/mean) ranged from about 0.8 to 1.2. Because thi s range was based on only 8 proper t i e s ,
a s l i g h t l y wider range of var iab i l i ty (CV = 0.7 to 1.3) was assumed. Based on th i s , the standard
deviation at a s imulat ed proper ty was s imulat ed as:

s = m*CV
CV = T R I ( 0 . 7 , 1 . 0 , 1 . 3 )

where:
T R I ( 0 . 7 , 1 . 0 , 1 . 3 ) = tr iangular d i s t r i b u t i o n with parameters 0.7, 1.0, 1.3
0.7 = minimum value
1.0 = mode (most l i k e l y va lu e)
1.3 = maximum value

For each s imulated "true mean" and "true standard deviation," a series of grab s a m p l e s was s e l e c t ed
at random, and combined into n c ompo s i t e s of j grab sampl e s per composi t e . From these, the inter-
c o m p o s i t e means and standard dev ia t i on were c a l c u l a t e d and used to c a l c u l a t e the 95% UCL using
equation 1 (above). The f a l s e p o s i t i v e error rate was assessed by count ing the number of p r o p e r t i e s
where the "true mean" indica t ed risks were a c c e p t a b l e but the 95% UCL ind i ca t ed risks were
unaccep tab l e .
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Because a s i t e - s p e c i f i c a c c ep tab l e level of arsenic in soil had not been der ived , it was necessary to
assume a value for the p u r p o s e s of p l a n n i n g the de s ign of Phase m. For arsenic, a value of 70 m g / k g
was adop t ed . E m p l o y i n g an assumed acceptable level of 70 m g / k g and the e s t imated background
d i s t r i b u t i o n described above, and e m p l o y i n g a grab s a m p l e size of 10, the s imula t ed f a l s e p o s i t i v e
error rates are as shown below:

Number of C o m p o s i t e s

2
3
4
6

Est imated F a l s e P o s i t i v e ErrorRate
15%

4.1%
2.6%
1.5%

As seen, if only 2 compos i t e s were used, there would be a r e l a t i v e l y high p r o b a b i l i t y (about 15%)
of de c lar ing a proper ty to be p o t e n t i a l l y unacc ep tab l e when it was a c t u a l l y acceptable . Use of three
compos i t e s reduces the rate to about 4%, and this error rate can be reduced fur th er by going to 4 or
6 composi t e s . A l t h o u g h an error rate of 4% is very good by most s t a n d a r d s , because of the large
number of proper t i e s which must be evaluated at th i s s i t e , even a rate th i s low re su l t s in a large
number of errors (up to 120 residences).
Based on these f i n d i n g s , a phased approach to s a m p l i n g and reducing f a l s e p o s i t i v e errors was
developed. That is, samples collected at each property tested in Phase in included three composites
of 10 grab sampl e s each. All p r o p e r t i e s whose 95% UCL ind i ca t e s unac c ep tab l e risks w i l l be
considered p o t e n t i a l l y unacc ep tab l e . However, because of the p o s s i b i l i t y of a f a l s e p o s i t i v e error,
EPA may consider per forming fur ther sampl ing act ivit ie s at such locations ( e s p e c i a l l y those where
the s a m p l e mean is c lo s e to or below the risk-based concentrat ion) in order to determine whether the
p r o p e r t y a c t u a l l y does exceed an a c c e p t a b l e l ev e l . F u r t h e r s a m p l i n g may be done as part of remedial
design.
Sampling Procedures
The Projec t Plan s p e c i f i e d that th ir ty subsamples be located approx imat e ly equidistant throughout
each proper ty . Several p r o p e r t i e s had l i m i t e d yard areas that could not accommodate th i r ty s a m p l e s
without p o t e n t i a l l y damaging the sod. For these cases, U S E P A d e v e l o p e d a g u i d e l i n e which
required a reduction in the number of sub sample s from thirty to f i f t e e n if p l a c i n g th ir ty subsample s
would result in the l o ca t i on s being les s than f i v e f e e t apart (whi ch equates to a total area of e xpo s ed
s o i l s l e s s than 750 square f e e t ) .
The l o ca t ions were f l a g g e d f o l l o w i n g measurements of all yard soil areas, which e x c l u d e d paved
s i d ewa lk s , dr iveways , large trees and bushes, and garden areas. The number of s u b s a m p l e s to be
equa l ly spaced within each area of the yard was then c a l c u l a t e d to be propor t i onal to the percent of
the t o ta l yard repre s ented by that area. Loca t i on s were f l a g g e d s e q u e n t i a l l y us ing three colors of
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f l a g s r epre s en t ing each of the three c ompo s i t e s ampl e s . In t h i s manner, each c ompo s i t e contained
ten (or f i v e in small yards) s u b s a m p l e s from l o ca t i on s throughout the yard.
All surface soil l o ca t i on s were c o l l e c t e d from the top 0-2" interval us ing a 2"-diameter hand corer.
In areas of dense sod, the sod layer was c a r e f u l l y l i f t e d and the soil immed ia t e ly beneath the sod was
s ampl ed . Areas covered with l e s s than two inches of gravel were sampled i m m e d i a t e l y beneath the
gravel. All s ampl e hole s were f i l l e d with top soil and any sod removed was r ep lac ed .
Each compos i t e sample was homogenized f o l l o w i n g c o l l e c t i o n , and rocks, vegetat ion and other non-
soil matter were removed prior to containing the sample in a labeled sample bag. Residents who
requested a s p l i t s a m p l e were provided a por t i on of each homogenized compo s i t e s ampl e , i d e n t i f i e d
with the U S E P A sample number and sampl e d a t e / t i m e .
Sampling Results
The c ompo s i t e soil s a m p l i n g re su l t s from analys i s using energy d i sp er s iv e x-ray f luor e s c enc e
( E D X R F ) are summarized in F i g u r e s 3.3-2a, 3.3-2b and 3.3-2c. The number of proper t i e s by
concentration range is pre sented, with ranges of mean arsenic concentrations, 95% UCL of the mean
of arsenic concentrations, and the mean lead concentrations within individual propert ie s presented
in separate f i g u r e s .
A to ta l of 935 proper t i e s did not contain l e v e l s of arsenic in any of the c o m p o s i t e s a m p l e s above the
method d e t e c t i o n l imi t ( M D L ) of 11 m g / k g . A p p e n d i c e s A4, A5 and A6 present the basis for the
pro j e c t MDLs. N o n d e t e c t results were assigned a value of one-half the MDL, or 5.5, for the
purpo s e s of c a l c u l a t i n g a conservative mean and 95% UCL. T h e r e f o r e , p r o p e r t i e s where one or two
sampl e s were nondetect and the o th er(s) j u s t above the MDL have a c a l c u l a t e d mean (602 p r o p e r t i e s )
or 95% UCL ( f o u r p r o p e r t i e s ) below the MDL of 11 m g / k g . The m a j o r i t y of re s ident ial p r o p e r t i e s
s a m p l e d have low l e v e l s of arsenic. T h i r t y - o n e percent of p r o p e r t i e s s a m p l e d have 95% UCL
concentrations either below or near the MDL.
The d i s t r i b u t i o n of mean lead concentrations presented in F i g u r e 3.3-2c shows that only e igh t e en
sampled properties had one or more results below the MDL of 52 m g / k g , and the most f r e q u e n t l y
observed mean values were between 100 and 150 m g / k g . T h e s e data i n d i c a t e that there is a
d e t e c t a b l e background lead level at the s i te as soc iated wi th n a t u r a l l y occurring and also l i k e l y
wide spread urban sources. As with arsenic, most re s ident ia l proper t i e s at t h i s site contain r e l a t i v e l y
low l e v e l s of lead and 91% are below the U S E P A d e f a u l t lead soil screening level of 400 mg/kg.
3.3.2.2 Grab S a m p l i n g
Grab s a m p l e s were c o l l e c t e d at s e lec ted p r o p e r t i e s where the Draf t Base l ine Human H e a l t h Risk
Asse s sment indicated the p o t e n t i a l for u n a c c e p t a b l e risks f rom a short-term exposure to arsenic in
an i s o la t ed area s m a l l e r than the entire yard, but for which the data did not i n d i c a t e an u n a c c e p t a b l e
chronic risk. A n a l y s i s of all Phase EQ compo s i t e s ampl e r e s u l t s i n d i c a t e d that 119 proper t i e s
t h e o r e t i c a l l y could contain t h i s t y p e o f "hot spot" concentration. T h e s e p r o p e r t i e s were i d e n t i f i e d
by as suming the maximum arsenic concentrat ion measured in a c ompo s i t e s a m p l e from the yard
contains nine subsample s co l l e c t ed from locat ions at background concentrations and the tenth
s u b s a m p l e f rom a hot spo t . T h i s maximum theore t i ca l hot spo t concentration (MTHC) was used as
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the concentration term in a screening level assessment of short term risk. At yards where short term
risk was i n d i c a t e d , a d d i t i o n a l grab s a m p l e s were c o l l e c t e d .
In order to inve s t i ga t e whether the p r e d i c t e d "hot spot s" a c t u a l l y occur wi th in the s e l e c t ed yards,
i n d i v i d u a l grab s a m p l e s were c o l l e c t e d f r om the 119 p r o p e r t i e s , in s imi lar l o c a t i o n s as those
pr ev iou s ly sub sampled for c ompo s i t ing . S a m p l e c o l l e c t i o n procedures were ident ical to those used
to co l l e c t compos i t e s a m p l e s , except that the 30 ind iv idua l s a m p l e s were p l a c e d into separate sample
containers and numbered for indiv idual analys i s .
The arsenic re su l t s derived f r om the c ompos i t e sample data , theoret ical hot spo t concentration
pr ed i c t ed from the h i g h e s t c ompos i t e value measured in the yard, and grab s a m p l e data are presented
in A p p e n d i x I and are summarized T a b l e 3.3-2.

T a b l e 3.3-2 Theore t i ca l Arsenic Hot S p o t A n a l y s i s

Result
Average V a l u e

Range of V a l u e s

Arsenic M T H C
1271

1010-1570

C o m p o s i t e S a m p l e s
Max Cone.

142
1 1 6 - 1 7 2

95% UCL
164

1 2 7 - 2 1 8

Grab S a m p l e s
Max Cone.

363
24 - 1492

Mean
118

14-367
R e s u l t s in m g / k g

3.3.2.3 Compari son of Compos i t e and Grab S a m p l i n g Results
A comparison of the a v a i l a b l e r e s i d en t ia l c ompo s i t e and grab s a m p l e data was p er f ormed to
s u p p l e m e n t other da ta q u a l i t y indi ca tor s to be considered in the f i n a l risk management deci s ions.
As di s cus s ed in S e c t i o n 3.3.8 and A p p e n d i x A6, the data f rom the c ompo s i t e s a m p l e s were
determined to be normal ly d i s t r i bu t ed . T h u s , the use of the /-equat ion to c a l c u l a t e a 95% UCL for
arsenic was considered va l id . The use of the /-equat ion was the in t ended data q u a l i t y assessment
approach , as set f o r t h in the P r o j e c t Plan.
For the 119 p r o p e r t i e s that were r e s a m p l e d , the U C L s of the c o m p o s i t e data are compared to the
means of the grab sample data in F i g u r e 3.3-3.
If both compos i t e and grab sample data are n o r m a l l y d i s t r i b u t e d at each p r o p e r t y , a p p r o x i m a t e l y 95%
of the c o m p o s i t e U C L s should exceed the mean concentration of the grab s a m p l e s , wi th 5% f a i l i n g
to exceed the grab mean. Compari son of grab mean vs. c ompo s i t e U C L s presented in T a b l e 3.3-2
a n d F i g u r e 3.3-3, ind i ca t e s that a p p r o x i m a t e l y 83% of the U C L s for the c ompo s i t e s a m p l e s exceeded
the mean for the grab s a m p l e s , instead of the 95% a n t i c i p a t e d exceedence rate. T h i s l eaves a
di s c r epancy of about 12% between the actual and e xp e c t ed number of c o m p o s i t e UCL exceedences.
A n a l y s i s of t h i s d i s c r e p a n c y i n d i c a t e s that the vast m a j o r i t y (85%) of the cases where the grab mean
exceeds the c ompo s i t e U C L , the grab s a m p l e s at the p r o p e r t y have r e l a t i v e l y h igh-va lu ed or o u t l i e r
data. Data are considered to be h igh-valued or ou t l i e r if they exhibit concentrations more than f o u r
t imes the c o m p o s i t e average. When h i g h - v a l u e d grab s a m p l e s are not pr e s en t , on ly three c o m p o s i t e s
U C L s f a i l to exceed the means of the grab sample s . T h i s equates to a rate of a p p r o x i m a t e l y 3%, or
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l e s s than the 5% expe c t ed fa i lure- to-exc e ed rate. T h e r e f o r e , c ompo s i t e U C L s exceed grab means
at a rate greater than 95% when the h igh-va lu ed grab s a m p l e s are accounted for .
3.3.2.4 Comparison of Intens ive Risk-Based S a m p l i n g to Other S a m p l i n g Programs
The e ight i n t e n s e l y s a m p l e d proper t i e s described in S e c t i o n 3.2 have been subjec t to s a m p l i n g under
several d i f f e r e n t programs, i n c l u d i n g Phase I, Phase n and Phase ff l inve s t i ga t i on s . The Phase in
i n v e s t i g a t i o n c o l l e c t e d three ten-point compos i t e s f rom each proper ty . T a b l e 3.3-3 compares the
re su l t s of the Intens ive Risk-Based S a m p l i n g to the 1998 and Phase HI S a m p l i n g at each locat ion.
Only three of the e ight proper t i e s were sampled during Phase HI, one of which was sampled
f o l l o w i n g removal of contaminated soi l . T h e r e f o r e , overall program comparisons cannot be made.
The l i m i t e d da ta do exhib i t the higher var iab i l i ty expec t ed in the Risk-Based and Phase I grab
s a m p l e s r e la t ive to the Phase in compos i t e sample s .
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T a b l e 3.3-3 Compari son of I n t e n s i v e Risk-Based S a m p l i n g Result s to 1998 and Phase III S a m p l i n g Result s

£<yQ.2CH

l < a )

2
3
4
5
6
7

8 ( b )

A R S E N I C M E A N
I n t e n -

sive
RBS

970
1889

386
511

2365
74
48

232

1998

Phase
I
900

2177
1006

289
986

90
64

240

Phase
I I
450
743
303
491

1331
N A
N A
N A

Phase
I I I

<11
N A
N A
N A
N A

42
26

N A

A R S E N I C 9 5 %
U C L

1998

Phase
I

2160
7176
3338
1007
3093

166
122
403

Phase
I I
772

1484
459
798

1508
N A
N A
N A

Phase
I I I

<11
N A
N A
N A
N A

54
34

N A

A R S E N I C M A X
I n t e n -

sive
RBS

4514
11785

2729
2536

16176
231
164

1716

1998

Phase
I

1700
5600
2600

780
2400

140
98

350

Phase
I I
1600
3300

550
1500
3200

N A
N A
N A

Phase
I I I

<11
N A
N A
N A
N A

49
31

N A

L E A D M E A N
I n t e n -

sive
RBS

1602
1258

297
1051
1671

134
288
220

1998

Phase
I
470

1133
301
797
743
104
160
133

Phase
I I
684
628
265
806
987
N A
N A
N A

Phase
I I I

<52
N A
N A
N A
N A
154
188
N A

L E A D MAX
I n t e n -

sive
RBS

4829
4889
1542
3127
5072

469
498
635

1998

Phase
I
790

2100
530

1900
1500

140
200
150

Phase
I I
1900
1800

640
1600
2300

N A
N A
N A

Phase
I I I

<52
N A
N A
N A
N A
191
193

N A

A l l r e s u l t s reported i n m g / k g
(a) Proper ty 1 s a m p l e d d u r i n g Phase III subsequent to removal ac t ion
( b ) A c c e s s d e c l i n e d f o r Phase I I I s a m p l i n g
N A : N o t ana lyz ed
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3.3.3 Residential Dust S a m p l i n g
One pa thway by which re s ident s may be expos ed to contaminants in soil is by transport of outdoor
soil into the house where it combines with other sources to form house dust . In the absence of site-
s p e c i f i c data , a s s umpt i on s must be made r egard ing contaminant concentrat ions and exposures
associated with indoor dust relative to outdoor soils. T h e r e f o r e , the U S E P A undertook a s tudy to
d e f i n e the r e l a t i o n s h i p between arsenic and lead l ev e l s in soil and dust at t h i s site. As shown in
Figure 3.3-4, a to ta l of 75 proper t i e s was s e l e c t ed for th i s study. The s e p r o p e r t i e s were chosen based
on a s t r a t i f i e d random ana ly s i s , prov id ing for a range of arsenic and lead l e v e l s in yard soil and
s p a t i a l repre sentat ivenes s across the site, as well as resident consent for access within the home.
S a m p l e s were c o l l e c t e d in October and November 1999. Two s a m p l e s were c o l l e c t e d from separate
d u p l e x units at one p r o p e r t y , for a to tal of 76 sample s .
Dust s ampl e s were c o l l e c t ed f r om the interior of r e s ident ia l homes using a high volume vacuum
sampler (HVS3 m o d e l ) in accordance with the EPA approved SOP No. ISSI-VBI70-04. Measured
t e m p l a t e areas of carpet and other f l o o r i n g wi th in l i v i n g areas, i n c l u d i n g kitchens, f a m i l y rooms,
bedrooms, h a l l w a y s and entryways, were s a m p l e d . In most cases, two t e m p l a t e areas were c o l l e c t e d
per l i v i n g space. T h u s , the total number of sub-samples c o l l e c t e d within a residence was d ependen t
upon the number of l i v i n g spaces. In the case where a resident had more than ten l i v i n g space s , on ly
one t e m p l a t e per l i v i n g space was c o l l e c t e d . S u b - s a m p l e l o c a t i o n s w i th in a l i v i n g space ( l i v i n g
space sample po in t s) were focused on areas with the greatest po t ent ia l for exposure. T h i s was
t y p i c a l l y a l ong the center axis of the l i v i n g space. Corners of rooms, areas beneath f u r n i t u r e , etc.,
were not l i k e l y high exposure areas (even if e s p e c i a l l y d u s t y ) and were not s a m p l e d .
At each sub-sample locat ion within the house to be s a m p l e d , the t e m p l a t e was p lac ed on the
s a m p l i n g surface. The vacuum was turned on and the nozzle was p l a c e d in one corner of the
s a m p l i n g area, then the f l o w rate and pressure d r o p was a d j u s t e d . The two f a c t o r s that a f f e c t the
e f f i c i e n c y of the s a m p l i n g system are the f l o w rate and pressure drop at the nozzle. The pressure
drop at the nozzle is a f u n c t i o n of the f l o w rate and di s tance between the sur face and the nozzle
f l a n g e . The f l o w rate over level l o o p carpet or hard sur face s was i n i t i a l l y (October 20, 1999 -
November 17, 1999 at 1 4 1 5 ) set at 5 inches of water, in accordance with the instrument opera t ion
manual. The f l o w rate over level l o o p carpet or hard surface s was s ub s equen t ly (November 17,1999
at 1415 - November 2 3 , 1 9 9 9 ) set at 6.5 inches of water based on a recommendation from the F i e l d
Q u a l i t y Assurance Coordinator during an audit . S a m p l e c o l l e c t i o n proceeded by p a s s i n g the nozzle
over each area of the t e m p l a t e f o u r times.
As presented in F i g u r e 3.3-5a and 3.3-5b, concentrations of arsenic and lead in indoor dust remained
r e l a t i v e l y consistent over a wide range of yard soil concentrat ions , and are p o o r l y correlated to yard
soil concentrations. T h e s e data indica t e that the l e v e l s of arsenic and lead that r e s id en t s are e xpo s ed
to from indoor dust do not increase as po t ent ia l exposure l ev e l s f rom the yards increase.
3.3.4 Res ident ia l Garden S a m p l i n g
A n o t h e r p a t h w a y by which re s ident s might be expo s ed to s o i l - r e la t ed contaminants is inge s t i on of
vege tab l e s grown in home gardens that contain contaminated so i l . In order to obtain s i t e - s p e c i f i c
data on th i s p o t e n t i a l expo sure route, garden vege tab l e and garden soil s a m p l e s were c o l l e c t e d f r o m
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r e s id en t ia l gardens. At each loca t ion where a vege table s a m p l e was c o l l e c t e d , a co-located s a m p l e
of garden soil also was c o l l e c t e d .
C a n d i d a t e gardens were i d e n t i f i e d f r o m p r o p e r t y sketches generated during soil s a m p l i n g , and
re s ident s were contacted by phone to determine whether v ege tab l e s remained ava i lab l e . S a m p l i n g
began on October 7, 1999 and was completed in two weeks. A total of 19 residential gardens was
s ampl ed and 72 vegetable s ampl e s were c o l l e c t e d , as located in F i g u r e 3.3-4.
The dimensions of the garden were measured and a diagram was prepared i d e n t i f y i n g crop type s and
loca t ions . The l o ca t i on s of vegetable and soil sampl e s c o l l e c t e d f r o m the garden were recorded.
S a m p l e s were prepared for each t y p e of vege tab le s t i l l growing in the garden by harves t ing a
s u f f i c i e n t number to produce the required s a m p l e mass of 200 grams. The v ege tab l e s were washed
with p o t a b l e qua l i ty water and a vegetable brush, then rinsed with deionized water, in accordance
with S t a n d a r d Operat ing Procedures (SOP No. ISSI-VBI70-06). All vegetable s a m p l e s were stored
in a freezer f o l l o w i n g sampl e c o l l e c t i o n and prior to shipment to the laboratory.
At each vege table s a m p l e l o ca t ion, a corre sponding 0-6" grab soil s a m p l e was c o l l e c t e d using a hand
corer. S o i l s ampl e s were c o l l e c t e d next to the p lant being s a m p l e d , at a maximum of 6 inches f rom
the p l a n t .
The r e su l t s for garden vege tab l e s , garden s o i l s and corr e spond ing yard s o i l s are prov id ed in
A p p e n d i x J. Arsenic and lead in garden s o i l s were g e n e r a l l y lower than l e v e l s f ound in the yard s o i l s
at each p r o p e r t y , which may be re lated to s o i l , peat and f e r t i l i z e r amendments that t y p i c a l l y are added
to gardens. The wet weight mean concentration of arsenic in garden vege tab l e s was 0.044 m g / k g ,
with indiv idual p r o p e r t y means ranging f rom 0.00289 to 0.171 mg/kg. The wet weight mean
concentration of lead in garden v eg e tab l e s was 0.15 m g / k g , with i n d i v i d u a l p r o p e r t y means ranging
from 0.0034 to 1.21 mg/kg. Garden vege tab l e concentrations are compared to the co-located garden
s o i l s in F i g u r e s 3.3-6a and 3.3-6b. In general, arsenic and lead concentrations in vege tab l e s
remained c o n s i s t e n t l y low throughout the range of garden soil concentrations.
3.3.5 School and Park S a m p l i n g
The Phase IH S a m p l i n g Program inc luded c o l l e c t i n g surface soil grab s a m p l e s f rom all s choo l s and
parks within the s tudy area as shown in F i g u r e 3.3-7. A l t h o u g h several s choo l s and parks had been
sampled during Phase I, a l imited number of sample s had been co l l e c t ed at each property. During
Phase m, 30 surface soil grab s a m p l e s were c o l l e c t e d f rom p l a y areas and gras sy areas at each school
and park wi thin the site. The ten s choo l s and seven parks s ampl ed are l i s t e d in T a b l e 3.3-4.
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T a b l e 3.3-4 Schoo l and Park S a m p l i n g

S c h o o l / P a r k Name
F a m i l y S t a r Montessori*
M i t c h e l l Elementary
H a r r i n g t o n Elementary
Swansea Elementary
Cole M i d d l e School
N o r t h e a s t M o n t e s s o r i
Annuncia t ion S c h o o l
W y a t t - E d i s o n S c h o o l
C l a y t o n F o u n d a t i o n *
Proposed N e w S c h o o l
S w a n s e a Park
S h a f e r Park
Dunham Park
C i t y of Nairob i Park
Russel Square Park
S a i n t Charl e s Plac e Park
Elyria Park

A d d r e s s
133 IE. 33rd Ave.
1 350 E. 33rd Ave.
2401 E.37th Ave.
4650 Columbine St.
3240 H u m b o l d t St.
3503 Marion St.
3536 L a f a y e t t e S t .
3620 F r a n k l i n St .
3605 Martin Luther K i n g Blvd.
3 1 00 E. 40th Ave.
2650 E. 49 th Ave.
2700 E. 37* Ave.
2800 E. 44* Ave.
3500 Cook St.
3600 Vine St.
3777 L a f a y e t t e St.
4801 Race St.

N e i g h b o r h o o d
Cole
Col e
Col e
Swansea
Col e
Col e
C o l e
C o l e
C l a y t o n
C l a y t o n
Swansea
C l a y t o n
Swansea
C l a y t o n
C l a y t o n
C o l e
Elyria

S a m p l e Locations
94*
30
30
30
30
30
30
30
90*
30
30
30
30
30
30
30
30

* M u l t i p l e Areas S a m p l e d :
F a m i l y S t a r Monte s sor i - S c h o o l Y a r d , P l a y g r o u n d , S c h o o l e xpans i on l o t (33m & H u m b o l d t St-SW Corner)
C l a y t o n F o u n d a t i o n - H a l l e t H a l l P l a y g r o u n d , Earth H a l l P l a y g r o u n d , G a r f i e l d Mont e s s o r i P l a y g r o u n d , Martin
Luther K i n g J r . Playground

The Phase m school and park s a m p l i n g r e su l t s are summarized in T a b l e 3.3-5. The r e su l t s ind i ca t e
that concentrations of arsenic are low with mean values g e n e r a l l y l e s s than the MDL of 11 mg/kg.
A n o m a l o u s arsenic r e su l t s were reported at a school ( i d e n t i f i e d as SI) for two s a m p l e s in c lo se
p r o x i m i t y to each other (1517 and 70 m g / k g of arsenic). The area was r e sampl ed by c o l l e c t i n g f o u r
grab s a m p l e s in the same general area. The r e s a m p l i n g occurred during construct ion and
replacement of a s id ewalk . The re su l t s indi ca t ed low arsenic l e v e l s cons i s t ent wi th the remainder
of the proper ty . The area where the h i g h l e v e l s o r i g i n a l l y were ind i ca t ed has s u b s e q u e n t l y been
covered by the reconstructed s i d e w a l k . Mean r e s u l t s for lead ranged f r o m 67 to 256 m g / k g . The
h ighe s t concentrat ions of lead were d e t e c t ed in several sampl e s at school SI, but the p r o p e r t y mean
concentration is much lower at 256 m g / k g .
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T a b l e 3.3-5 Arsenic and Lead in Schoo l and Park S u r f a c e S o i l s
Category

Schoo l

Park

Proper ty
C o d e

S I
S l -

Resample*
S 2
S 3
S 4
S 5
S6
S7
S 8
S 9

S 1 0
P I
P2
P3
P4
P5
P6
P7

Arsenic ( m g / k g )
Mean

26
<11

<11
<11
<11
<11
<11
<11
<11
<11
<11
<11
<11
<11
<11
<11
<11
<11

Max
1517*

16
17
13
12

<11
19
11
13
12
17
18
17
21
12
15
21
19

Min
<11
<11
<11
<11
<11
<11
<11
<11
<11
<11
<11
<11
<11
<11
<11
<11
<11
<11

Lead ( m g / k g )
Mean

256
79

133
67
94

116
200
172
70

104
117
132
131
218

91
144
214
239

Max
1811*

1 1 1
901
159
164
354
628
316
255
245
352
290
308
294
153
299
398
614

Min
61
56

<52
<52
<52
<52

55
100
<52
<52
<52
<52
<52
110
<52

67
<52
<52

* R e s a m p l i n g : 4 grab sampl e s c o l l e c t e d in area where previous s a m p l e s i n d i c a t e d h igh cone.

3.3.6 A l l e y I n v e s t i g a t i o n
The P r o j e c t Plan for the Phase HI i n v e s t i g a t i o n inc luded soil s a m p l i n g in a l l e y w a y s throughout the
s t u d y area. Four to six a l l e y s were to be selected based on the re s ident ia l soil s a m p l i n g pha s e of the
f i e l d inve s t igat ion, with preference given to al leys ad jo ined by m u l t i p l e sampled propert i e s and
where at least one p r o p e r t y was c l ear ly impacted by arsenic (e.g., mean value is greater than 200
m g / k g ) . However, visual i n s p e c t i o n of all a l l e y w a y s in the s t u d y area revealed that no a l l e y w a y s
were su i tab l e cand ida t e s for s a m p l i n g . All a l l e y w a y s are concrete or a s p h a l t p a v e d , wi th areas of
accumulated s o i l s on top of pavement and areas of e xpo s ed soil where the pavement is cracked or
missing. There is l imited po t en t ia l for exposure to s o i l s within the al l eyways and therefore the
a l l e y w a y s a m p l i n g was e l iminat ed f rom the program.
3.3.7 Compari son of Bulk and F i n e F r a c t i o n S o i l s
The main p a t h w a y by which humans are l i k e l y to be expo s ed to contaminant s in soil is by inge s t i on
of soil p a r t i c l e s adhering to the hand. A l t h o u g h data are l i m i t e d , it is g e n e r a l l y e xpe c t ed that small
soil p a r t i c l e s are more l i k e l y to adhere to the hands than coarse p a r t i c l e s . The s m a l l e r f r a c t i o n s o i l s
(<250 um) were i s o l a t e d f r om the bu lk f r a c t i o n by p a s s i n g the soil through a #60 sieve. The f i n e
f r a c t i o n p o r t i o n of the s a m p l e was then compared to the course sieved (to remove p a r t i c l e s larger
than 10 mm), or bulk frac t i on of the same sample. All soi l s co l l e c t ed during Phase HI were coarse
sieved and the bu lk f r a c t i o n s u b m i t t e d for analys i s . S t u d i e s at other s i t e s have shown that
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concentrations of me ta l s in the f i n e f ra c t i on can sometimes be somewhat higher (e.g, 10-30%) than
in the bu lk sample . T h e r e f o r e , the r e l a t i o n s h i p between metal s in the bulk and f i n e f r a c t i o n s o i l s at
thi s site is important to understand for the purpo s e s of the risk assessment.
In Phase m 149 archived s o i l s were dried and sieved into two bulk and f i n e f r a c t i o n s and analyzed
using EDXRF. The so i l s were chosen based on the arsenic and lead concentrations in the bulk
f r a c t i o n in order to s t r a t i f y the arsenic and lead concentrations and the g eograph i c area of the site.
The r e su l t s are summarized in T a b l e 3.3-6. The f i n e f r a c t i o n concentration exceeded the bu lk
f r a c t i o n concentration in 70% of the sampl e s for arsenic and 74% of the s a m p l e s for lead. The
average percent d i f f e r e n c e for arsenic between the bulk and f i n e f r a c t i o n s was 34%. The average
percent d i f f e r e n c e for lead between the bulk and f i n e f ra c t i on s was 16%. T h i s value could be biased
h igh , due to the f a c t that a m a j o r i t y of the concentrations for arsenic were below 100 m g / k g .
T h e r e f o r e a s l i g h t d i f f e r e n c e in concentration would produce an even higher percent d i f f e r e n c e .

T a b l e 3.3-6 Summary of Phase III Bulk and F i n e F r a c t i o n S o i l s
Chemical

Arsenic
Lead

Total Number of
S a m p l e s

149
149

Fine > Bulk

104
111

Bulk > F i n e

44
38

Both Fract ions Equal

1
0

The concentrations of the metal present in the bulk and f i n e f r a c t i o n s were compared using linear
regression ana ly s i s and the r e su l t ing graphs are presented in F i g u r e s 3.3-9a and 3.3-9b. The s l o p e ,
intercept values, and linear correlation values are presented in the table below.

T a b l e 3.3-7 Linear Regression Value s for Phase III Bulk S a m p l e s and F i n e s
Chemical

Arsenic
Lead

S l o p e
Best

1.1981
1.3309

I n t e r c e p t
Best

2.4791
53.72

Linear Corre lat ion (R2)
Best

0.939
0.8275

The l inear regression i n d i c a t e s that the arsenic concentration measured in the f i n e f r a c t i o n is, on the
average, nearly equal to that in the bulk f rac t i on . For l ead , there is a tendency for the concentration
values in the f i n e f r a c t i o n to be somewhat higher than in the bu lk f r a c t i o n . T h i s is r e l a t i v e l y
consistent with the result s f r om the Phys i co-Chemica l Charac t er izat ion S t u d y as described in S e c t i o n
3.1.2. The Phys i c o -Chemi ca l Charac t er iza t i on S t u d y f ound that there wa s l i t t l e d i f f e r e n c e between
the b u l k and f i n e s f r a c t i o n for arsenic and l e a d , but showed that there was a smal l negat ive bias in
the e s t imat ion of the bulk concentration for lead which would tend to undere s t imate the
concentration in the f i n e s at low concentration values.
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3.3.8 Data Qual i ty Assessment
Chemical a n a l y s i s of the Phase HI site characterization s a m p l e s was conducted under a
comprehensive q u a l i t y assurance program. The program inc luded requirements for the c o l l e c t i o n ,
preparat ion, and analys i s of qua l i ty control sample s , as s p e c i f i e d in the Proj e c t Plan (USEPA 1999a),
S e c t i o n 4.0 Q u a l i t y Assurance P r o j e c t Plan (QAPP), and related S t a n d a r d Operat ing Procedures for
s a m p l e c o l l e c t i o n , preparat ion and analysi s .
All soil s ampl e s were prepared and analyzed at the f i e l d laboratory operated by W a s h i n g t o n G r o u p
I n t e r n a t i o n a l , Inc. S a m p l e s were prepared by homogenizing the soil f o l l o w e d by c o m p l e t e drying,
bulk s i eving, and g r i n d i n g of a por t i on of the sample . The remaining raw soil s ampl e was archived.
The prepared soil s a m p l e was analyzed using a QuanX Energy Di sp er s i v e X-Ray Fluore s c enc e
S p e c t r o m e t e r ( E D X R F ) . Elec tronic instrument re su l t s were reviewed and loaded into the p r o j e c t
database. C o n f i r m a t i o n analys i s was per formed on overlO% of the soil s a m p l e s by submi t t ing a s p l i t
sample for analysis by the EPA Method 601 OB, I n d u c t i v e l y C o u p l e d Plasma Atomic Emission
S p e c t r o s c o p y (ICP) at a commercial laboratory.
An assessment of the data qua l i ty was per formed d a i l y throughout the program to v e r i f y compl iance
with the q u a l i t y control criteria and to i d e n t i f y necessary corrective actions. An assessment of all
Phase ULA., Phase f f iB, and Phase nf f i Grab sampl e analy t i ca l data , i n c l u d i n g r e s id en t ia l surface s o i l ,
garden s o i l , garden vege tab l e s and indoor d u s t , has been p er f o rmed to v e r i f y that the data set is
consistent with and meets the data qual i ty o b j e c t i v e s i d e n t i f i e d in the QAPP. The data q u a l i t y
assessment involved v e r i f i c a t i o n of the prec i s i on, accuracy, representat ivenes s , c o m p a r a b i l i t y , and
comple t ene s s of the data. The re su l t s for Phase IHA and UiB document that the data are usable for
their intended purpose of i d e n t i f y i n g average surface soil concentrations and s u p p o r t i n g the Baseline
Risk Asse s sment . The re su l t s for Phase EIB Grab document that the data are useable for their
intended purpo s e of i d e n t i f y i n g the range of soil concentration at s e lec ted proper t i e s and s u p p o r t i n g
the Baseline Human H e a l t h Risk Ass e s smen t .
In Phase IHA, 5207 soil s a m p l e s were c o l l e c t e d f r om res idential yards, v ege tab l e gardens, s choo l s ,
and one park. The q u a l i t y control s a m p l e re su l t s are presented in A p p e n d i x A4. A s t a t i s t i c a l soil
dis tr ibut ional analysis provides strong evidence that the composi te sample data within these
p r o p e r t i e s are normal ly d i s t r i b u t e d , with the ex c ep t i on of very low and high concentrations.
In Phase BOB, 4368 compos i t e soil s ampl e s were c o l l e c t e d f r om re s ident ia l yards. The q u a l i t y
control sample r e su l t s are presented in A p p e n d i x A5. A s t a t i s t i c a l soil d i s t r i b u t i o n a l a n a l y s i s
prov id e s s trong evidence that the c ompo s i t e soil s a m p l e data w i th in these p r o p e r t i e s are n o r m a l l y
d i s t r i b u t e d , wi th the e x c ep t i on of very low and high concentrations.
In Phase JJJLB Grab, 3585 grab soil s a m p l e s were c o l l e c t e d f r o m 119 r e s id en t ia l yards, f i v e s c hoo l s ,
and six parks. The q u a l i t y control s a m p l e r e su l t s are summarized in A p p e n d i x A6. The soil
d i s t r i bu t i onal analys i s showed higher variabi l i ty within the grab sample s as compared to composite
sampl e s c o l l e c t e d f r o m the same p r o p e r t y , as e x p e c t e d . The c o e f f i c i e n t s o f variation for grab
s a m p l e s were be low 1.0 a p p r o x i m a t e l y 80% of the time as compared to the c o e f f i c i e n t s of variation
for c o m p o s i t e s c o l l e c t e d f r om the same p r o p e r t i e s which were below 1.0 98% of the time.
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The analysi s of soil s a m p l e s in all the s tudie s conducted at the V B / I 7 0 site was per formed using XRF
as the primary method, with ICP as the conf irmat ion method. In general, the two me thod s yie ld
very similar values for arsenic but across the duration of the Phase HI program there has been a
tendency for XRF arsenic re sul t s for site s o i l s to be s l i g h t l y higher than ICP arsenic r e su l t s . A
similar pat t ern was observed in the Physico-Chemical Characterizat ion S t u d y and the Risk-Based
S a m p l i n g S t u d y . T h i s apparent d i f f e r e n c e i s not observed in site s p e c i f i c per formance evaluation
(PE) sample s . The basis for this is not certain but may be because the c h e m i c a l / p h y s i c a l s tate of
arsenic in spiked PE sample s is not identical to that in site soils.
Given the t endency for the XRF method to yi e ld somewhat higher arsenic values than the ICP
method at th i s s i t e , it is important to determine which method should be considered most nearly
accurate. To make th i s determination, U S E P A performed a smal l s t udy in which a set of soil
s ampl e s that had been analyzed by both XRF and ICP were analyzed by a third method, neutron
act ivat ion a n a l y s i s (NAA). It i s believed that NAA is l i k e l y to be f r e e of the p o t e n t i a l l i m i t a t i o n s
that may account for the d i f f e r e n c e between arsenic re su l t s measured by XRF and ICP such as
i n c o m p l e t e extraction or interference by lead.
U S E P A chose 16 so i l s for analysi s by N A A . The soil s ampl e s were chosen to represent the f u l l
range of arsenic concentrations de t e c t ed at the site. The r e su l t s for X R F , I C P , and NAA for all 16
sample s are reported in A p p e n d i x A3. The arsenic concentrations in the PE sampl e s measured by
NAA were in general, higher than the nominal values. The arsenic concentrations measured by ICP
were in general lower than the values measured by NAA. The arsenic concentrations measured by
XRF compared well to the NAA resul t s . On the basis of t h i s comparison, shown g r a p h i c a l l y in
A p p e n d i x A3, the arsenic concentrations in soil measured by energy d i sp er s iv e XRF are considered
to be the most accurate.
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4 . 0 N A T U R E A N D E X T E N T O F C O N T A M I N A T I O N
W a s h i n g t o n Group per formed g e o s t a t i s t i c a l analyses on the arsenic and lead s a m p l e data for sur face
so i l s at the VB/I-70 site. Geos ta t i s t i ca l analyses, inc lud ing the techniques of variograms and kriging,
are commonly-used approache s when sampl e data exist in a large s p a t i a l area, such as the V B / I - 7 0
s t u d y area (Myers 1997; EnviroGroup 1997). S p a t i a l data require spec ial ana ly t i ca l techniques in
order to extract the maximum amount of in f ormat i on avai lab l e from the da ta and to minimize the
uncertainty associated with concentration es t imates and contaminant d i s t r ibu t ion maps.
G e o s t a t i s t i c a l techniques have proven to be e s p e c i a l l y a p p r o p r i a t e in the analys i s of s p a t i a l data and
in the assessment of uncertainty. D e t a i l s of the g e o s t a t i s t i c a l analyses p er f ormed appear in the
f o l l o w i n g sections.
4.1 Data A n a l y s i s
A total of 3,293 arsenic and 3,293 lead Phase DI surface soil sample s was used to evaluate the metals
concentrations across the site. The s ampl e s are compos i t e s ampl e s created in a two- s t ep c o m p o s i t i n g
and ana ly s i s approach. Arsenic s a m p l e concentrations ranged from nondetect to over 750 m g / k g .
G e o s t a t i s t i c a l ana ly s i s i n d i c a t e s that arsenic concentrations are below 36 m g / k g over most of the s i t e ,
but extreme values, i.e. greater than 300 m g / k g , occur at a few scattered locat ions across the site.
Lead concentrations range f r om nondetec t to over 1,100 m g / k g but tend to f o l l o w a d i f f e r e n t s p a t i a l
d i s t r i b u t i o n than arsenic.
4.1.1 T y p e s of S a m p l e Data
The Phase HI I n v e s t i g a t i o n data were used in the s i te-wide ana ly s i s . C o m p o s i t e s a m p l e data were
generated us ing the s a m p l i n g , s u b s a m p l i n g , homogenizat ion, and a n a l y t i c a l p r o t o c o l s , as described
in S e c t i o n 3.3. At each re s ident ial p r o p e r t y meet ing a minimum size requirement, 30 equal ly- s i z ed
soil s u b s a m p l e s were c o l l e c t e d . T h e s e 30 sub sampl e s were combined into three groups of 10
s ub sampl e s to produce three compos i t e s a m p l e volumes for the property. For those prop er t i e s that
did not meet a s p e c i f i e d size, only 15 equa l ly- s i z ed soil s u b s a m p l e s were c o l l e c t e d . The 15
increments were combined into three groups of f i v e to create three compos i t e s a m p l e volumes for
mix ing and ana ly s i s . T h e s e c ompo s i t e s ampl e volumes were then mixed b e f or e being sub j e c t ed to
analys i s by X-ray f luore s c enc e (XRF) to determine the concentration of the c ompo s i t ed material.
The three analyt i ca l r e su l t s f rom the XRF were then averaged to produce a s ing l e s o i l s concentration
value for each proper ty for both arsenic and lead. I n d i v i d u a l soil grab sample s were co l l e c t ed and
analyzed by XRF f r o m school yards and parks w i th in the s t u d y area.
4.1.2 Es t imat ion of P o p u l a t i o n Dis t r i bu t i on Parameters
W a s h i n g t o n Group performed standard s ta t i s t i cal analyses on the compos i t e arsenic and lead data.
T h i s i n c l u d e d c a l c u l a t i o n of the minimum and maximum concentrat ions , the mean, variance,
s tandard d e v i a t i o n , median, and c o e f f i c i e n t o f variation. Minimum concentrat ions r e f l e c t nondetect
values (ND), which incorporate the method d e t e c t i o n and prac t i ca l q u a n t i t a t i o n l i m i t s . The s i te-wide
data ind i ca t ed h i g h l y - s k e w e d , l o g n o r m a l - t y p e d i s t r i bu t i on s for both arsenic and lead. T h i s result can
be seen in the his togram g r a p h s shown in F i g u r e s 3.3-2a and 3.3-2c for arsenic and lead r e s p e c t i v e l y ,
which categorize the me ta l s data in 50 m g / k g concentration ranges.
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The skewed nature of the data is t y p i c a l of environmental contaminant d i s t r i b u t i o n s , wi th a large
number of the data showing lower concentrations and a smal l er number showing higher
concentrations combined with a few extreme values. Concentrat ion values at the V B / I - 7 0 site span
a p p r o x i m a t e l y three and f o u r orders of magnitude for arsenic and lead r e s p e c t i v e l y .
D e s p i t e the s i m i l a r i t y of skewness in each of the hi s tograms, the h i s tograms exhib i t some unique
characteristics. The arsenic histogram d i s p l a y s the mode, the most f r e q u e n t l y occurring value, in the
f i r s t concentration category (ND-50 m g / k g ) . S a m p l e data indicate that 34% of the propert i e s are at
or below the method de t e c t i on l imit of 11 m g / k g . A l m o s t 80% of the proper t i e s are below the
pract i cal quant i ta t ion l imi t ( P Q L ) of 36 m g / k g for arsenic. T h i s leaves on ly 34 p r o p e r t i e s ,
approx imat e ly 1%, above 300 mg/kg.
In contras t , the lead hi s togram exh ib i t s the mode in the 100-150 m g / k g category, not the lowest
category (ND-50 m g / k g ) , which contains only about 1% of the properties. The vast major i ty of the
proper t i e s ( a p p r o x i m a t e l y 90%) fall between 50 and 400 m g / k g . Only 8.4% of the p r o p e r t i e s fall
above 400 m g / k g , wi th 3.4% exceeding 500 mg/kg . Based on the comparison of the i n d i v i d u a l
hi s tograms, the arsenic and lead data sets appear to be quite d i f f e r e n t in nature. The lead di s tr ibut ion
is more centered than the arsenic d i s t r i bu t i on , but it is not centered s u f f i c i e n t l y to q u a l i f y as a normal
d i s t r i b u t i o n . Summary s t a t i s t i c s for the s i te sample data are shown in T a b l e 4-1.

T a b l e 4-1 Summary S t a t i s t i c s

S T A T I S T I C
Minimum ( m g / k g )
Maximum ( m g / k g )
Mean ( m g / k g )
Variance ( m g / k g ) 2

Standard Deviation ( m g / k g )
Median ( m g / k g )
Number o f S a m p l e s
C o e f f i c i e n t o f Varia t i on

C O N T A M I N A N T
Arsenic

<11
759
34

3,531
59
12

3293
1.7

Lead
<52

1,131
216

16,577
129
181

3293
0.59
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4.1.3 Correlation Analys i s
W a s h i n g t o n Group performed a s t a t i s t i c a l correlation and linear regression a n a l y s i s on the arsenic
and lead c ompo s i t e data. Resu l t s of the analy s i s appear in F i g u r e 4-1, where arsenic values appear
on the x-axis and lead values appear on the y-axis. T h i s s ca t t e rp l o t of data indicates a wide pat t ern
of d i sp er s i on between ind iv idua l A s / P b pairs. To achieve good correlation, a f a i r l y t i g h t linear
pat t ern is required. T h i s graph indicate s that knowing the concentration of either arsenic or lead
prov id e s very l i t t l e i n f o r m a t i o n regarding the concentration of the other. T h u s , the regression re su l t s
c on f i rm that only a small degree of correlation, 0.296, ex i s t s between the variables. T h i s value is
far from the required minimum correlation c o e f f i c i e n t of 0.90 required for other V B / I - 7 0 analyses.
Because large relat ive d i f f e r e n c e s exist between sample s at the same loca t i on, it s u g g e s t s that their
s p a t i a l d i s t r i b u t i o n may also show s i g n i f i c a n t d i f f e r e n c e s .
4.2 Variogram A n a l y s i s
Variogram analys i s , or variography, is a f u n d a m e n t a l s t ep in a g e o s t a t i s t i c a l analysi s to q u a n t i f y the
degree of s pa t ia l var iab i l i ty and spat ia l correlation structure of the contamination. It has been w i d e l y
documented in the earth and environmental sciences that nearby sample s g enera l ly have
concentrations more similar than sampl e s that are f ur th er apart (Matheron 1965; David 1977; Isaaks
and S r i v a s t a v a 1987; Myers 1997). In s t a t i s t i ca l terms, thi s means that the sample s are correlated.
Corre la t ion is u s e fu l in f ormat i on that can be captured and used to minimize e s t imat ion errors of
contaminant concentrations.
Variogram analysi s p e r f o r m s the task of c a p t u r i n g correlation in format i on by comparing s a m p l e data
at d i f f e r e n t d i s tance intervals. G e n e r a l l y , as the di s tance between s a m p l e s increases, the v a r i a b i l i t y
al so increases, with a corre sponding decrease in the correlation. E v e n t u a l l y , at some di s tance , the
var iab i l i ty reaches a maximum ( c a l l e d the sill), i n d i c a t i n g that correlat ion between s a m p l e s no longer
exist s and that samples are independent.
4.2.1 Arsenic and Lead V a r i o g r a p h y
Washington Group p er f ormed variographic s tud i e s on the arsenic and lead data at the s i te , ana lyz ing
each metal s eparat e ly . S e p a r a t e ana ly s i s of ind iv idua l parameters i s t r a d i t i o n a l l y per formed because
parameters may exhib i t s i g n i f i c a n t l y d i f f e r e n t s p a t i a l d i s t r i b u t i o n s (David 1977; Myers 1997). If
such d i f f e r e n c e s e x i s t , the i n d i v i d u a l s p a t i a l character i s t i c s of each parameter can be a p p l i e d to the
e s t imat i on proces s ( k r i g i n g ) so that more accurate and r e l i a b l e s p a t i a l d i s t r i b u t i o n mode l s can be
deve l oped .
F i v e d i f f e r e n t d ir e c t i ons were analyzed: north-south, nor th ea s t - s ou thwe s t , eas t-wes t , northwes t-
southeas t , and an omni-direct ional variogram (all direct ions s i m u l t a n e o u s l y ) . The s p a t i a l v a r i a b i l i t y
in these f i v e d i r e c t i on s was analyzed for both arsenic and lead.
Experience has shown that the s p a t i a l v a r i a b i l i t y can d i f f e r d r a m a t i c a l l y in d i f f e r e n t d i r e c t i on s; thu s ,
it is a p p r o p r i a t e to inve s t iga t e several d irec t ions during the variogram analys i s . S i t u a t i o n s where the
v a r i a b i l i t y is equal in all d ir e c t i ons produce variograms that are said to be i so tropic and the s p a t i a l
c o n t i n u i t y can be v i s ua l i z ed as circular. S i t u a t i o n s where v a r i a b i l i t y is not equal in all d ire c t ions
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produce ani so trop i c variograms, with a short and l ong axis of s p a t i a l c on t inu i ty and can be v i sual ized
as e l l i p t i c a l in nature. A n i s o t r o p i c variograms were f ound for both arsenic and lead data at the VB/I-
70 site."
Due to the high v a r i a b i l i t y in the da ta , several t y p e s of variogram analyses were also p er f ormed .
D i f f e r e n t t y p e s of variogram analyse s can o f t e n mi t iga t e the i n f l u e n c e of the high var iab i l i ty of the
sample data values. T h e s e variogram t y p e s inc luded untrans formed data variograms ( a b s o l u t e ) ,
general re lat ive variograms (re la t ive to the mean), local re lat ive variograms, and l ogar i thmic
variograms (Ln trans form). The variogram graphs indicated that the best r e su l t s were for the
untransformed data.
Variogram graphs for arsenic appear in F i g u r e s 4-2a and 4-2b; variogram graphs for lead appear in
F i g u r e s 4-3a and 4-3b. T h e s e variogram f i g u r e s represent the l o n g and short axes of c on t inu i ty for
arsenic and lead. I n t e r m e d i a t e range direc t ions were not graphed.
For arsenic, the long axis of cont inui ty is in the east-west direct ion ( F i g u r e 4-2a), with the short axis
running north-south (Figure 4-2b). Both variogram graphs for arsenic exhibit a steep rise from the
origin of the graph until a p la t eau or "sill" is reached. T h i s ind i ca t e s that var iab i l i ty between c l o s e l y
spaced sampl e s is very high. Once the s i l l is reached, the graph ind i ca t e s that the s a m p l e data are
i n d e p e n d e n t , i.e. they are randomly d i s t r i bu t ed in space.
For lead, the long axis of the lead variogram (Figure 4-3a) runs from east to west, with the short axis
bearing north-south ( F i g u r e 4-3b). Variogram graph s for lead al so show a s t e ep rise to the s i l l ,
i n d i c a t i n g h igh l e v e l s of v a r i a b i l i t y at short di s tance s .
The di s tance at which the variogram graph reaches the s i l l is ca l l ed the range. Minimum and
maximum ranges for lead were greater than for arsenic, by a f a c t o r of approx imat e ly two.
Another s i g n i f i c a n t f e a t u r e of both the arsenic and lead variogram graphs is the presence of a
s i g n i f i c a n t nugget e f f e c t (C 0). The nugget e f f e c t ind i ca t e s that there is v a r i a b i l i t y even at a d i s tance
of zero, d emons t ra t ing that v a r i a b i l i t y may occur over very short di s tance s . The nugget e f f e c t is al so
an ind i ca t i on of s a m p l i n g and analyt i ca l error. N u g g e t e f f e c t s of almost 30 and 40% for arsenic and
lead r e s p e c t i v e l y i n d i c a t e a h igh degree of lo ca l v a r i a b i l i t y amongst the s o i l s concentrat ions .
4.2.2 Variogram M o d e l i n g
U s i n g the variogram graph s , mathematical mode l s were fit to the major and minor direc t ional
variogram graphs for each metal. The mathematical model describes the v a r i a b i l i t y and correlat ion
of the s a m p l e data as the d i s tance between sampl e s increases. T h i s correlat ion is used in the kr ig ing
process. Numerous t y p e s of mathematical equations are a v a i l a b l e for variogram mode l ing . For both
arsenic and lead variograms, the commonly used spherical model was s e l ec t ed to represent the
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graphs. T a b l e 4-2 l i s t s the variogram mode l s s e lec ted for the l ong and short axes of s p a t i a l
cont inui ty and the direction of these axes. The equation for the spher ical model appears below:

2a

c
a
S i l l

variance at d i s tance h
nugget e f f e c t
spherical component
range of i n f l u e n c e
C 0 + C

T a b l e 4-2 Variogram M o d e l s

C O N T A M I N A N T

Arsenic

Lead

V A R I O G R A M P A R A M E T E R S

C 0( m g / k g ) 2

200

4,500

C
( m g / k g ) 2

525

7,000

S i l l
( m g / k g ) 2

725

11,500

amin

30m

70m

Direction

N - S

N - S

amax

50m

85m

Direction

E-W

E-W

The variogram mode l s show both s i m i l a r i t i e s and d i f f e r e n c e s between the s p a t i a l correlation
structure for arsenic and lead. Both models indicate high variabi l i ty at short di s tances , between 30
and 85 meters (m) or about 100 to 275 f e e t (ft). T h e s e are the maximum extent s of the correlat ion
structures. T h i s means that s i m i l a r i t y between s a m p l e s is severely l i m i t e d when put in the context
of the V B / I - 7 0 regional area.
A range of 100 ft ind i ca t e s that p r o b a b l y only one to two a d j a c e n t p r o p e r t i e s show s imilar s o i l s
concentrations for arsenic. Beyond one or two a d j a c e n t p r o p e r t i e s , s o i l s concentrations are random.
A range of 275 ft indi ca t e s that p e r h a p s f o u r or f i v e a d j a c e n t proper t i e s show somewhat s imi lar s o i l s
concentrations. Beyond 275 ft, s o i l s concentrations are random. W i t h ranges between 100 and 275
ft, the s i m i l a r i t y in s o i l s concentrat ions is l i m i t e d . At the low end, what could be c a l l e d "neighbor-
to-neighbor" s i m i l a r i t y ex i s t s . On the h igh end, s i m i l a r i t y e x i s t s only on an "intra-neighborhood"
sca l e , but does not extend to a larger "inter-neighborhood" scale.
V a r i o g r a m g r a p h s at the V B / I - 7 0 site do not exhibi t s tructures s i m i l a r to those f ound at other
environmental sites that have sources of contamination where wind is a s i g n i f i c a n t d i sp er s i on
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mechanism. For example , lead smelters t y p i c a l l y show very h igh concentrations c lose to the smelter,
combined with down-wind contamination d i sp er s i on . In such cases, the variogram graphs tend to
rise very quickly f r om the origin (wi th l i t t l e or no nugget e f f e c t ) for a short d i s tance , then rise more
g r a d u a l l y for a longer d i s t anc e (Myers 1 9 8 5 ) , sometimes up to one mile. T h i s t y p e of s tructural
f ea tur e was not observed in the s p a t i a l structure of either arsenic or lead at the V B / I - 7 0 site.
However, data are lacking in the area of the potential historical point sources. A v a i l a b i l i t y of such
data could p o t e n t i a l l y a l t er the structure of the variogram graphs .
A l s o , ranges observed around other smelter l o ca t i on s were much larger than those observed at the
V B / I - 7 0 site. At the D a l l a s Lead S m e l t e r s (Myers 1985), ranges for both smelters were
a p p r o x i m a t e l y one mile. T h i s is a p p r o x i m a t e l y 20 times the range of s p a t i a l correlation observed at
the V B / I - 7 0 site.
4.3 K r i g i n g
K r i g i n g is a spa t ia l e s t imat ion technique that produce s regional ized views of contaminant
concentrations and other variables. K r i g i n g is a type of contouring method that can be e f f e c t i v e l y
used in recognizing and d e t e c t ing trends over r e l a t i v e l y large areas. Whereas c l a s s i ca l s t a t i s t i c a l
techniques f o c u s on individual point data with no s p a t i a l reference, kriging incorporate s the unique
s p a t i a l qua l i t i e s of the data d i s t r i b u t i o n to create u s e f u l visual d i s p l a y s . Used in combination with
the variogram, kriging prov ide s a p o w e r f u l method for maximizing the amount of in f ormat i on that
can be gleaned from a da ta set.
The block maps shown in F i g u r e s 4-4a and 4-4b show several d i s t i n c t f ea ture s . On the arsenic map,
numerous, small areas of s o i l s concentrations greater than 300 m g / k g are d i s p l a y e d . T h e s e areas are
w i d e l y d i s t r i bu t ed and f a i r l y randomly scattered. Dis t inc t l in ea t i on s are not pre s ent , nor are f ea tur e s
resembling concentric bands of decreasing concentrations as one moves away from the former
smel ter areas. Such concentric banding is common around former smelters (Myer s 1985;
EnviroGroup, 1997). T h i s s u g g e s t s that the emplacement mechanism for arsenic did not occur on
a regional s cale , but rather took p l a c e in random, i s o l a t e d po cke t s of the site.
F i g u r e 4-4b shows the lead concentrations at the site. In contrast to the arsenic map, the lead map
shows a more s p a t i a l l y structured nature to the contamination. S o i l lead concentrations c lo se s t to
the former smel t er s are g e n e r a l l y the h ighe s t concentrations, with a r e l a t i v e l y sy s t emat i c decrease
in soil lead values as one moves away r a d i a l l y f rom the area of the former smelters. Areas of h igh
local v a r i a b i l i t y are al so present in numerous areas.
Due to the d i s t i n c t l y d i f f e r e n t s p a t i a l pa t t e rn s exhib i t ed by arsenic and lead in the sur face s o i l s , it
appear s that the two contaminants may have been emplac ed by means of d i f f e r e n t mechanisms, one
l a r g e l y random, the other a more continuous s p a t i a l pattern.
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4.3.1 Features of K r i g i n g
K r i g i n g o f f e r s many advantages over other e s t imators . Among these inc lude the f a c t t h a t ,
s t a t i s t i c a l l y , kriging is a best linear unbiased estimator (BLUE). A BLUE s i m p l y means that the
es t imation is done with the minimum amount of error, a h i g h l y de s irable qual i ty . Other BLUEs exist
in s t a t i s t i c a l analys i s , i n c l u d i n g the well-known linear regression equation. K r i g i n g is a BLUE that
has been s p e c i a l l y a d a p t e d to handle s p a t i a l data es t imation. As i n d i c a t e d , kriging is al so unbiased,
meaning that the technique does not s y s t e m a t i c a l l y over- or undere s t imate the s o i l s contaminant
concentrations, another valuable characteristic.
K r i g i n g uses variogram mode l s , such as those in T a b l e 4-2, to o p t i m i z e the e s t imat ion and to
minimize the e s t imat ion errors. During the kriging process, the kriging program searches for
s ampl e s that are c loses t to the unsampled area being e s t imated. K r i g i n g recognizes that sampl e s
closes t to the area being estimated should be given more weight than s a m p l e s fur th er away. The
kriging program ca l cu la t e s the op t imal we ight ing system for the ava i lab l e s ampl e s and derives an
optimal estimate of the arsenic or lead concentration at the unsampled location.
K r i g i n g is a contouring technique, and as with all contouring techniques , t ends to smooth the data.
T h u s , to varying degrees, all concentration ranges are smoothed. T h i s can be b e n e f i c i a l when
look ing for regional trends in concentrations, such as arsenic and lead l e v e l s in s o i l s . The smoothing
e f f e c t h e l p s to accentuate linear and radial structures so that they may be better seen and interpreted.
4.3.2 K r i g i n g A p p l i c a t i o n
The kriging per formed for both arsenic and lead at the V B / I - 7 0 site was done using Ordinary kriging
of b lo ck areas. Block kriging integrate s the estimate of the metal concentration over the area of the
block. Blocks used for kriging measured 5x5 meters in all areas of the site for both arsenic and
lead. Each b lock represent s 25 square meters in area, or a p p r o x i m a t e l y 30 square yards.
V i s u a l r epr e s en ta t i on s of the b lock kr ig ing e s t imate s for arsenic can be seen in F i g u r e 4-4a. Each
block has been shaded with a color represent ing the e s t imated average concentration over the b lock
area. Six concentration categories ( m g / k g ) , which incorporate the method de t e c t i on and prac t i ca l
quant i ta t ion l i m i t s , have been e s t ab l i s h ed for the arsenic map d i s p l a y : Less than 11 or unsampled
(shown in white), 11 to 36 (blue), 36 to 100 (green), 100 to 200 ( y e l l o w ) , 200 to 300 (orange), and
greater than 300 (magenta). A s imilar representat ion of b lock concentrations for lead can be seen
in Figur e 4-4b, where the concentration categories ( m g / k g ) correspond to the values of l e s s than 52
( w h i t e ) , 52 to 173 ( b l u e ) , 173 to 300 (green), 300 to 400 ( y e l l o w ) , 400 to 500 (orange), and greater
than 500 (magenta).
4.3.3 K r i g i n g Result s
G e o s t a t i s t i c a l analyses have demonstrated marginal l e v e l s of s p a t i a l c o n t i n u i t y for both arsenic and
lead in surface s o i l s at the V B / I - 7 0 site. S p a t i a l c ont inui ty for lead was greater than for arsenic, but
neither metal e xh i b i t ed s p a t i a l correlation beyond local ne ighborhood areas. T h i s t y p e o f s p a t i a l
structure is g e n e r a l l y incons i s t ent with point source emplacement of contamination.
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The kriged g e o s t a t i s t i c a l model for arsenic indicate s a high degree of randomness s p a t i a l l y ,
s u g g e s t i n g that contaminant emplacement was random on a local basis and not caused by a po int
source that in f lu enc ed a r e l a t i v e l y larger region. The kriged g e o s t a t i s t i c a l model for lead indicate s
elements of both random emplacement and regional emplacement from a point source. A lack of
data in critical areas prevents the construction of a c o m p l e t e pic ture that would i n c l u d e i n f o r m a t i o n
close to p o t e n t i a l his toric po in t sources.
4.4 Summary
G e o s t a t i s t i c a l analyses indica t e that arsenic concentrations are below 36 m g / k g over most of the s i t e;
values greater than 300 m g / k g occur at a few scattered loca t ion across the site. Lead concentrations
range f r om non-detect to over 1,100 m g / k g but tend to f o l l o w a d i f f e r e n t spacial d i s t r i b u t i o n than
arsenic. Corre lat ion analys i s indicate s that knowing the concentration of either arsenic or lead
prov ide s very l i t t l e in f ormat i on regarding the concentration of the other. Variogram mode l s indica t e
high variabi l i ty at short distances. Variogram graphs for the site do not exhibit structures found at
other environmental s i tes where sources of contamination are d i sper s ed by wind. The kriged
g e o s t a t i s t i c a l model s indicate a high degree of randomness s p a t i a l l y , s u g g e s t i n g that contaminant
emplacement was somewhat random and on a local basis, rather than being caused by a point source
that in f l u enc ed a r e l a t i v e l y larger region. The kriged g e o s t a t i s t i c a l model for lead sugge s t s a greater
t y p e of regional i n f l u e n c e f rom the smelter s i t e s , but the evidence is inconc lu s ive due to large areas
that were not sampled .
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5 . 0 B A S E L I N E H U M A N H E A L T H R I S K A S S E S S M E N T
The U S E P A conducted a basel ine human hea l th risk assessment (USEPA 2 0 0 I c ) to characterize the
risks to humans p o t e n t i a l l y exposed to contaminated soi l s at the site now and in the future. The risks
are characterized assuming that no actions are taken to reduce human contact with contaminated
soil s .
5.1 Data S e l e c t e d For Use in T h i s Risk Assessment
The data f rom the Phase HI s a m p l i n g program were se lec ted for use in th i s risk assessment because
1) all Phase HI data were c o l l e c t e d in accordance with p r o j e c t p l a n s that were d e v e l o p e d with care fu l
cons iderat ion of the Data Q u a l i t y Obj e c t i v e s (DQOs) needed to suppor t risk assessment c a l c u l a t i o n s ,
and 2) all data c o l l e c t e d during Phase in are accompanied by thorough Q u a l i t y Assurance ( Q A ) data
that a l l ow de ta i l ed evaluation of the r e l i a b i l i t y of the data. A de ta i l ed review of these qual i ty
assurance data reveal that the data c o l l e c t e d are of high q u a l i t y , with adequate accuracy and precision
to s uppor t a r e l iab l e evaluation of human hea l th risk.
Data c o l l e c t e d during Phase I / P h a s e n were not used because they were c o l l e c t e d only with the intent
of i d e n t i f y i n g l o ca t i on s that exceeded the removal action l e v e l s , and were not intended to s uppor t
risk c a l c u l a t i o n s or remedial decis ion making. More s p e c i f i c a l l y , data from Phase I / P h a s e n were
not used because 1) many sampl e s had elevated de t e c t i on l i m i t s for arsenic, 2) the s a m p l i n g d en s i ty
at each proper ty was too low, and/or 3) s a m p l i n g locations were not clear. However, d e s p i t e these
l i m i t a t i o n s , it is clear that the data from Phase I / P h a s e n and f r om Phase IE are g e n e r a l l y s imilar,
each i n d i c a t i n g the occurrence of scattered prop er t i e s with e levated l ev e l s of lead and/or arsenic.
5.2 Exposure Assessment
F i g u r e 5-1 presents a conceptual model showing the main pathways by which contaminants present
in sur face soil may come into contact with area res idents . T h i s conceptual model was d e v e l o p e d in
consul tat ion with local community groups as well as representatives from the C i t y and County of
Denver, the Co lorado Department of P u b l i c H e a l t h and Environment, and the Agency for T o x i c
Subs tanc e s and Disease Regis try. Exposure scenarios that are considered most l i k e l y to be of concern
are shown by boxes containing a s o l id c irc le , and greatest a t t en t i on is f o cu s ed on these pa thways .
Pathways which are j u d g e d to contribute only occasional and minor exposures are shown by boxes
with an open circle. I n c o m p l e t e pa thways (i .e . , those which are not thought to occur) are shown by
open boxes. Based on t h i s conceptual mode l , the p a t h w a y s in T a b l e 5-1 are j u d g e d to be of
s u f f i c i e n t p o t e n t i a l concern to warrant quan t i t a t i v e exposure and risk ana ly s i s .
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T a b l e 5-1 Exposure Pathways of Potential Concern for Quantitative Risk A n a l y s i s

P o p u l a t i o n
Resident

Medium and Exposure Route
I n c i d e n t a l inge s t ion of soil and dust in and
about the home and yard
I n g e s t i o n of homegrown vege tab l e s

Other exposure pathways are j u d g e d to be s u f f i c i e n t l y minor that further quantitative evaluation is
not warranted.
5.3 Q u a n t i f i c a t i o n of Exposure and Risk f rom Arseni c
5.3.1 Quant i f i c a t i on of Exposure
It is expec t ed that d i f f e r e n t i n d i v i d u a l s who l ive in the V B / I - 7 0 site wi l l have a range of d i f f e r e n t
exposure l ev e l s to arsenic. T h i s is because they have d i f f e r e n t intake rates of s o i l , dust and
vege tab l e s , and l iv e in areas of d i f f e r i n g arsenic concentration. The risk assessment es t imated the
exposure for two d i f f e r e n t t y p e s of res ident: a resident with average exposure, and one at the high
end of the exposure d i s t r i bu t i on . T h e s e two cases are referred to as Central T e n d e n c y Expo sure
(CTE) and Reasonable Maximum Exposure (RME). Estimates of exposure for the CTE and RME
cases were ca l cu la t ed for three d i f f e r e n t exposure scenarios: long-term ( c h r o n i c / l i f e t i m e ) exposure
of residents, short-term (subchronic) exposure of children, and acute exposure of children with
behavior that is associated with very high intakes of soil known as "soil pica" behavior. The
incidence of soil pica behavior in the general popu la t i on is not known, but is thought to be very low.
S t a n d a r d exposure equations i d e n t i f i e d in U S E P A risk assessment guidance were used in all cases.

When a p p l i c a b l e , EPA d e f a u l t s were used for exposure parameter input values. In accord with
Agency g u i d e l i n e s , when r e l iab l e s i t e - s p e c i f i c exposure data were a v a i l a b l e , these data were used
in p l a c e of d e f a u l t exposure a s sumpt ions . All concentration values in s o i l , dust and garden
vege tab l e s were based on s i t e - s p e c i f i c measurements.
5.3.2 T o x i c i t y Assessment
The tox i c e f f e c t s of arsenic have been reasonably well e s t a b l i s h e d , based mainly on s t u d i e s of
humans expo s ed to e l evated l e v e l s of arsenic f rom a variety of sources. The f i n d i n g s f r om these
s t ud i e s are summarized b r i e f l y below.
Acute Noncancer Effects
Very high doses of arsenic may cause acute l e t h a l i t y , but such exposures from environmental sources
are very u n l i k e l y . Oral exposure to non-le thal but h igh acute doses of arsenic produce s marked
irritation of the gastrointe s t inal tract, l ead ing to nausea and vomiting. Other signs may include
neuritis and vascular e f f e c t s .
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Subchronic Noncancer Effects
S y m p t o m s resulting from sub-chronic ingestion of lower doses of arsenic o f t e n begin with a vague
weakness and nausea. As exposure continues, symptoms become more characteri s t ic and may
inc lude s ign s such as diarrhea, vomit ing, anemia, i n j u r y to blood v e s s e l s , damage to kidney and liver,
and impaired nerve f u n c t i o n that l ead s to "pins and needles" sensations in the hands and f e e t .
Chronic Noncancer Effects
Chronic exposure to arsenic is associated with all of the e f f e c t s noted above. In a d d i t i o n , a f t e r
exposure continues for a s u f f i c i e n t period of time, an unusual pa t t ern of skin abnormali t i e s , i n c l u d i n g
dark and white s p o t s and a pattern of small "corns" may occur, e s p e c i a l l y on the p a l m s and soles.
Carcinogenic Effects
There is strong evidence f rom a number of human s tud i e s that oral exposure to arsenic increases the
risk of skin cancer. The most common t y p e of cancer is squamous cell carcinoma, which appears
to d ev e l op from some skin corns. In a d d i t i o n , basal cell carcinoma may also occur, t y p i c a l l y arising
f r o m c e l l s not associated with the corns. A l t h o u g h these cancers may be ea s i ly removed, they can
be p a i n f u l and d i s f i g u r i n g and can be fa ta l if l e f t untreated. More recent data indicate that chronic
oral arsenic exposure also increases the risk of several type s of internal cancer, i n c l u d i n g cancer of
the b l a d d e r and lung.
Toxicity Factors for Arsenic
Based on the available tox i c i ty data for arsenic, the U S E P A has e s tabl i shed both a Reference Dose
(RfD) for eva lua t ing risk of non-cancer e f f e c t s , and a cancer s l o p e f a c t o r for q u a n t i f y i n g the risk of
cancer. T h e s e values are summarized in T a b l e 5-2.

T a b l e 5-2 I n g e s t e d Arsenic T o x i c i t y Fac tor s U t i l i z e d in the Risk Asses sment

T o x i c i t y Fac t or
Acute RfD
Subchroni c RfD
Chronic Reference Dose
Oral S l o p e F a c t o r

Value
0.015 m g / k g - d a y
0.006 m g / k g - d a y

0.0003 m g / k g - d a y
1.5 ( m g / k g - d a y ) " 1

Source
U S E P A 2001b

U S E P A 1995
IRIS 2000
IRIS 2000

Because the oral RfD and the oral SF for arsenic are based on s tudie s of humans expo s ed to arsenic
ei ther in drinking water or in other r ead i ly absorbable f o r m s , s o l id forms of arsenic in s i te s o i l s may
be l e s s well-absorbed and require a d j u s t m e n t s in the t o x i c i t y f a c t o r s to derive a p p r o p r i a t e e s t imate s
of t o x i c i ty . In order to inve s t i ga t e the r e la t ive b i o a v a i l a b i l i t y (RB A) of arsenic in s i t e s o i l s , U S E P A
performed a s t u d y in which f i v e separate s ampl e s were fed to swine for 12 days. The s tudy f o u n d
that arsenic in site s o i l s was l e s s well absorbed than a r e a d i l y s o lub l e form of arsenic (sodium
arsenate), wi th RBA values for ind iv idua l s a m p l e s ranging f r om about 0.18 to 0.45. Based on the
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resul t s of this s tudy, the upper conf idence l imit of the RBA for arsenic in site s o i l s was estimated
to be 0.42.
5.3.3 Risk Characterization for Arsenic
5.3.3.1 Risks f rom S o i l and Dust
Cancer Risk
Cancer risks f r om exposure of re s idents to arsenic in yard soil and indoor house dust were c a l c u l a t e d
for each p r o p e r t y us ing the basic equations recommended by USEPA. The risk e s t imates are
expressed as the p r o b a b i l i t y that an ind iv idua l expo s ed to arsenic at the site w i l l d e v e l o p a cancer
by the age of 70 that would not otherwise have occurred. For example , a cancer risk of 2E-05
means that the p r o b a b i l i t y is 2 out of 105 (2 out of 100,000) that the e xpo s ed i n d i v i d u a l might
d e v e l o p a tumor from si te-related exposures. The re su l t s of these c a l c u l a t i o n s are shown in T a b l e
5-3.
For CTE exposure condi t ions , most proper t i e s have estimated excess cancer risks for exposures due
to arsenic in soil p l u s dust that range f rom IE-06 to IE-05 ( 5 t h to 95th p e r c e n t i l e s ) , with a maximum
value of 9E-05. For RME exposure condi t i on s , most prop er t i e s have risks that range f r om 9E-06
to IE-04 (5th to 95th p er c en t i l e s) , with 92 p r o p e r t i e s having risks greater than IE-04. The highest
RME risk value was 8E-04. The s p a t i a l pat t ern of p r o p e r t i e s with arsenic RME cancer risk l e v e l s
greater than IE-04 is a p p r o x i m a t e l y uni f orm across the s i te , with a frequency of about l%-4% in
each neighborhood.
When in t e rpr e t ing these risk e s t imate s , it is important to recognize that arsenic is a n a t u r a l l y
occurring element in soil. Based on an ana ly s i s of the d i s t r i b u t i o n of concentration values observed
in Phase in soil s a m p l e s , it is e s t imated that background l e v e l s are wel l-characterized as a lognormal
d i s t r i b u t i o n with a mean of 8 ppm and a standard dev ia t ion of 3.6 ppm. Based on t h i s , background
l e v e l s may range up to about 15 ppm or s l i g h t l y higher. If so, l i f e t i m e cancer risks f r om n a t u r a l l y
occurring l ev e l s of arsenic probab ly range f rom about IE-06 for an average (CTE) person up to about
IE-05 for an upper-bound (RME) individual .
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T a b l e 5-3 Estimated Cancer Risk f rom Arseni c in S o i l and Dust

N e i g h b o r h o o d

C l a y t on
C o l e
E l y r i a
F i v e Poin t s
G l o b e v i l l e
S w a n s e a
A l l N e i g h b o r h o o d s

N u m b e r of
Proper t i e s
Evaluated

902
796
59
27
63

1166
2986

Number and Percent of Proper t i e s W i t h i n the S p e c i f i e d Risk Range
CTE Cancer Risk

<= IE-05
858
95%
772
97%

58
98%

26
96%

61
97%
1132
97%
2881
96%

2E-05 -
IE-04

44
5%
24
3%

1
2%

1
4%
2

3%
34
3%
105
4%

2E-04 -
IE-03

> 2E-03
RME Cancer Risk

<=1E-05

479
53%
344
43%

17
29%

5
19%
25

40%
610
52%
1475
49%

2E-05 -
IE-04

385
43%
429
54%
41

69%
21

78%
36

57%
528
45%
1419
48%

2E-04 -
IE-03

38
4%
23
3%

1
2%

1
4%

2
3%
28
2%
92
3%

> 2E-03

C T E = C e n t r a l T e n d e n c y Es t imate
RME=Reasonab l e M a x i m u m E x p o s u r e
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Chronic Noncancer Risks
In accord with standard EPA methods, the risk of non-cancer e f f e c t s is expressed as the ratio of the
dose r e s u l t i n g f rom exposure to s i te media compared to a dose that is be l ieved to be without risk of
e f f e c t s , even in s ens i t ive i n d i v i d u a l s . T h i s ratio i s c a l l e d the Hazard Quotient (HQ). If the value o f
HQ is equal to or less than one (1), it is believed there is no s i gn i f i can t risk of noncancer e f f e c t s . If
the HQ exceeds one, then there is a chance that noncancer e f f e c t s may occur, with the p r o b a b i l i t y
t e n d i n g to increase as the value of HQ increases.
Est imated risks of non-cancer h e a l t h e f f e c t s f rom chronic exposure to arsenic in soil and dust are
shown in T a b l e 5-4. For i n d i v i d u a l s with CTE exposure, risks at most prop er t i e s fall between 0.02
and 0.2 (5th to 95th p e r c e n t i l e ) , whi l e i n d i v i d u a l s with RME exposure have risks that lie mainly
between 0.05 and 0.6. T h e s e re su l t s indicate that risk of noncancer e f f e c t s f r om chronic exposure
is below a level of concern for most indiv idual s at most locations. However, a total of 20 proper t i e s
have RME HQ values greater than 1, with a maximum value of 4. T h e s e l o ca t i on s where noncancer
risks enter a range of concern (HQ > 1) are also above the usual level of concern ( I E - 0 4 ) for cancer.

T a b l e 5-4 Estimated Chronic Noncancer Risk f rom Arsenic in S o i l and Dust
N e i g h b o r -
hood

C l a y t o n
C o l e

Elyria

F i v e Poin t s

G l o b e v i l l e
S w a n s e a
A l l
Neighbor-
hoods

Number of
P r o p e r t i e s
Evaluated

902
796
59
27

63
1166

2986

Number and Percent of Properties Within the S p e c i f i e d Risk Range
CTE Hazard Quotient

#1
901

100%
796

100%
59

100%
27

100%
63

100%
1166
100%
2985
100%

2-5
1

0.1%
0

0%
0

0%
0

0%
0

0%
0

0%1
0%

6-10
--
-
—
-
-
-
-
-
-
-
-
-
-
-

> = 11
—
-
—
-
-
-
~
~
—
-
—
—
--
-

RME Hazard Quotient
#1

895
99%
786
99%

59
100%

27
100%

63
100%
1163
100%
2966
99%

2-5
7

0.8%
10

1.3%
0

0%
0

0%
0

0%
3

0.3%
20

0.7%

6-10
—
-
—
-
--
—
-
-
--
-
—
—
--
-

> = 11
—
-
-
-
--
-
-
--
--
--
—
-
-
-

C T E = C e n t r a l T e n d e n c y Est imate
RME=Reasonable Maximum Exposure

Noncancer Risks from Short-Term Exposures
Est imated risks of non-cancer h ea l th e f f e c t s f rom sub-chronic exposure of area ch i ldr en to arsenic in
soil are shown in T a b l e 5-5. As seen, the incidence of proper t i e s with subchronic HQ values above
1 is r e l a t i v e l y low (2 out of 2,986 = 0.07% for CTE i n d i v i d u a l s , 53 out of 2,986 = 1.8% for RME
i n d i v i d u a l s ) . The maximum RME HQ value was 7. All of the l o c a t i o n s where subchronic noncancer
risks enter a range of concern (HQ > 1) are also above the usual level of concern ( I E - 0 4 ) for cancer.
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T a b l e 5-5 Estimated Subchronic Noncancer Risks f rom Arsenic in S o i l

N e i g h b o r -
hood

C l a y t o n

Col e

Elyria
G l o b e v i l l e

Swans ea
A l l

N u m b e r of
P r o p e r t i e s
Evaluated

902
796
59
63

1166
2986

Number and Percent of Proper t i e s W i t h i n the S p e c i f i e d Risk Range
CTE Hazard Quotient

#1
900

100%
796

100%
59

100%
63

100%
1166
100%
2984
100%

2-5
2

0.2%
0

0%
0

0%
0

0%
0

0.0%
2

0.1%

6-10 > = 11
RME Hazard Quotient

#1
881
98%
777
98%

58
98%

62
98%
1155
99%
2933
98%

2-5
19

2%
19

2%
1

2%
1

2%
11
1%
51
2%

6-10
2

0.2%
0

0.0%
0

0.0%
0

0.0%
0

0.0%
2

0.1%

> = 11

Acute Noncancer Risks from Soil Pica Behavior
Because of the subs tantial uncertainty which exi s t s in most of the input parameters for the acute p i ca
scenario, it is not p o s s i b l e to s p e c i f y a s ing l e set of inpu t s that are "best." Rather, a range of HQ
values were calculated for two d i f f e r e n t combinations of soil intake and RfD values:

Variab l e

S o i l intake ( m g / d a y )
Acute R f D ( m g / k g - d )

C a s e l
C T E
5000

RME
10000

0.005

Case 2
C T E
2000

RME
5000

0.015
Case 1: RfD = 0.005 m g / k g ; Pica intake = 10,000 mg
Case 2: RfD = 0.015 m g / k g ; Pica intake = 5,000 mg

It should be understood that these cases represent an uncer ta inty range, and that the "true" acute risk
f rom pica behavior could lie anywhere in the interval. I n d e e d , it is quite p o s s i b l e that the true value
even l i e s ou t s id e the range, since the actual d i s t r i b u t i o n of p i c a soil intakes is not known.
The re su l t s are summarized in T a b l e 5-6. As seen, the screening c a l c u l a t i o n s above sugges t that a
large number of proper t i e s (ranging from 662 to 1841, d e p e n d i n g on which set of inpu t a s s u m p t i o n s
is deemed to be most a p p r o p r i a t e ) are of p o t e n t i a l concern for the RME acute p i ca scenario.
Given that d i s c u s s i o n s are cont inuing to occur n a t i o n a l l y on the most a p p r o p r i a t e acute RfD for
arsenic and in the absence of r e l i a b l e da ta on the magni tude of soil p i ca intake, it is d i f f i c u l t to j u d g e
which (if any) of these proper t i e s s hou ld be considered to be an authentic acute h e a l t h risk to ch i ldren.
In t h i s regard, it shou ld be noted that even though many p e o p l e are e xpo s ed to arsenic l e v e l s in soil
that are p r e d i c t e d to be of acute concern, both w i t h i n the V B / I - 7 0 s i t e and elsewhere across the
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country and around the world, to the best of USEPA's k n o w l e d g e , there has never been a s ing l e case
of acute arsenic t o x i c i t y reported in humans that was a t t r i b u t a b l e to arsenic in so i l . T h u s , these r e su l t s
for the acute p i ca scenario are considered to be e s p e c i a l l y uncertain, since they pred i c t a very
sub s tan t ia l risk for which there is no corroborating medical or e p i d e m i o l o g i c a l evidence.

T a b l e 5-6 Estimated Acut e Noncancer Risks f r o m Pica Behavior
Expo-
sure
A s s u m p -
tions
Case 1

Case 2

N u m b e r and Percent of Proper t i e s within the S p e c i f i e d Risk Range
CTE Hazard Quotient

#1
1475
49%
2692
90%

2-5
949
32%
268
9%

6-20
432
14%
26
1%

>20
130
4%
0

0%

T o t a l > 1
1511
51%
294
10%

RME Hazard Quotient
#1

1145
38%
2324
78%

2-5
580
19%
487
16%

6-20
328
11%
162
5%

>20
933
31%

13
0%

T o t a l > 1
1841
62%
662
22%

5.3.3.2 Risks f rom Homegrown Vege tab l e s
A total of 72 d i f f e r e n t sample s of garden vege tab l e s was c o l l e c t e d from 19 d i f f e r e n t p r o p e r t i e s across
the site. At each p r o p e r t y , the 95% upper c o n f i d e n c e l imi t ( U C L ) of the mean concentration of
arsenic was calculated, and this value (or the maximum, whichever was lower) was used to estimate
risks to re s ident s . For i n d i v i d u a l s whose intake of homegrown garden vege tab l e s is average (CTE)
for the western Unit ed S t a t e s , nei ther non-cancer nor cancer risks enter a range of concern at any
p r o p e r t y te s ted. For i n d i v i d u a l s whose intake is at the upper-bound (RME) of the d i s t r i b u t i o n of
garden vege tab l e consumpt ion, cancer and non-cancer risks do enter a range of p o t e n t i a l concern for
two proper t i e s . However, these risks were driven either by a s i n g l e value that appeared to be
anomalous, or by the margin of s a f e t y introduced by use of the 95% U C L . O v e r a l l , it appeared that
while risks f rom arsenic in garden vegetables could not be entirely excluded, the risks were l i k e l y to
be low. T h i s is s u p p o r t e d by no t ing that the intake of arsenic f rom homegrown vege tab l e s is
pr ed i c t ed to be well wi th in the normal die tary range observed in the U n i t e d S t a t e s .
5.3.3.3 T o t a l Risks f r o m I n g e s t i o n of S o i l and Homegrown V e g e t a b l e s
As noted above, data on arsenic l e v e l s in soil are ava i lab l e for all 2,986 p r o p e r t i e s i n v e s t i g a t e d in
Phase IE, but data on arsenic l e v e l s in gardens and v e g e t a b l e s were c o l l e c t e d only at 19 of these
proper t i e s . T h e r e f o r e , in order to ca l cu la t e total risk at all p r o p e r t i e s , it was necessary to e s t imate the
concentrat ion of arsenic in garden vege tab l e s using s i t e - s p e c i f i c data on the r e l a t i o n s h i p between
arsenic in yard soil and in garden s o i l , and between arsenic in garden soil and in vege tab l e t i s sues .
Because exposure and risk f rom soil inge s t i on and v eg e tab l e inge s t i on are both d i s t r i b u t i o n s , care
must be taken in the summation process. In the case of the non-cancer or cancer risk to an i n d i v i d u a l
who has average exposure to both soil and v e g e t a b l e s , the t o ta l risk is s i m p l y the sum of the two
p a t h w a y - s p e c i f i c risks:

C T E ( t o t a l ) = C T E ( s o i l ) + C T E ( v e g e t a b l e s )
In the case of an i n d i v i d u a l who has RME exposure to soil or to v ege tab l e s , the e s t imate of RME to ta l
risk is not the s i m p l e sum of the RME risk e s t imate s , because the two p a t h w a y s are i n d e p e n d e n t of
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each other, and an i n d i v i d u a l with RME soil intake is not l i k e l y to also have RME vege tab l e intake
(and vice versa). T h u s , the estimate of RME total risk is c a l c u l a t e d either as:

1: R M E ( t o t a l ) = RME(so i l) + C T E ( v e g e t a b l e s )
2: R M E ( t o t a l ) = C T E ( s o i l ) + R M E ( v e g e t a b l e s )

The r e su l t s are shown in T a b l e 5-7. As seen, based on the s i t e - s p e c i f i c r e l a t i o n s h i p s between arsenic
in yard soil and garden soil and between arsenic in garden soil and garden vege table s , i n d i v i d u a l s with
CTE exposure to garden v ege tab l e s are pred i c t ed to have excess cancer risks that are les s than or
equal to IE-05, while i n d i v i d u a l s that have RME intake of garden vege table s are expec t ed to have
risks main ly between 2E-05 and IE-04, with only a few proper t i e s having risks that exceed IE-04.
When CTE risks are combined across p a t h w a y s , there are 65 p r o p e r t i e s where t o ta l risk exceeds
IE-04. When RME risks are combined across p a t h w a y s , the highest risks occur for case 1 (RME soil
intake p l u s CTE vege table intake). Based on th i s scenario, there are 99 proper t i e s where total RME
risks exceed IE-04.

T a b l e 5-7 Estimated T o t a l Cancer Risks f r o m S o i l and V e g e t a b l e s

S t a t i s t i c

C T E
Risk

RME
Risk

Pathway

S o i l alone
V e g e t a b l e s alone
CTE S o i l + CTE vege tab l e s
S o i l alone
V e g e t a b l e s alone
RME S o i l + CTE vege tab l e s 3

CTE S o i l 3 + RME vegetables

Number of Proper t i e s
<= IE-05

2881
2986

1475

933

2E-05 to IE-04
105

2921
1419
2979
1954
2921

2E-04 to IE-03

65
92
7

99
65

A d j u s t e d to account for RME exposure durat ion (30 years)

5.3.4 Uncertaint ie s in Arsenic Risk Assessment
It is important to recognize that the c a l c u l a t i o n s of short-term and l o n g term exposure and risk from
arsenic inge s t i on in soil are based on a number of a s sumpt ion s and e s t ima t e s , and that these introduce
uncertainty into the risk re su l t s . The most impor tan t of the sources of uncer ta inty in the c a l c u l a t i o n s
are summarized below.
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Uncertainty in Average Concentration Terms
The concentration term that is appropr ia t e for c a l c u l a t i n g chronic exposure and risk f rom inge s t ion
exposure to arsenic is the true mean concentration in the medium of concern ( s o i l , d u s t , v e g e t a b l e s ) ,
averaged over the area and time interval (averaging t ime) of concern. Ther e are two important
sources of uncertainty in this value. F i r s t , because the true mean cannot be calculated from a l imited
set of sample r e s u l t s , the U S E P A u t i l i z e s the 95% u p p e r c o n f i d e n c e l imit of the mean as a
conservative es t imate of the true mean. T h i s approach h e l p s ensure that the exposure and risk
estimates that are derived are more l i k e l y to overestimate than underestimate the actual risk. Second,
the basic exposure unit s e lec ted for eva lua t ion in th i s risk assessment is the re s ident ia l proper ty .
U s i n g the UCL of the mean for a p r o p e r t y is equal to assuming that an ind iv idua l r e s id ing at that
location does not ingest soil or dust from any other location, even over a time period of up to 30 years.
W h i l e t h i s might be true for a small sub-set of re s ident s , it is bel ieved that most r e s id en t s are
s u f f i c i e n t l y mobile that exposures w i l l occur over a wider area than j u s t their own yard. T h i s , in turn
wil l result in lower exposures for p e o p l e re s iding in homes with impacted s o i l s , and their true risks
wi l l be lower than c a l c u l a t e d .
Uncertainty in Concentration Values at Sublocations
As noted earlier, the s a m p l i n g and analy s i s de s ign for Phase IE was based on a set of three c o m p o s i t e
s a m p l e s f r om each property. Consequent ly, there are no data that a l l o w a direct e s t imat ion of the
concentration value at any s p e c i f i c sub-locat ion of the yard (these are needed to addres s risks f r om
subchronic and acute expo sure s). To address thi s data l i m i t a t i o n , the d i s t r i bu t i on of concentration
values within a proper ty was modeled by assuming a lognormal d i s tr ibut ion, and the standard
dev ia t i on wi th in each proper ty was e s t imated from a s i t e-wide average c o e f f i c i e n t of variation. S i n c e
the mean at each p r o p e r t y was e s t imated using the 95% UCL or the maximum compos i t e value, both
the mean and the standard deviation are more l i k e l y to be high than low at each property. T h u s , the
values e s t imated for evaluat ion of subchronic and acute exposures are also more l i k e l y to be high than
low.
Uncertainty in Intake Rates
Data on the amount of soil inge s t ed by humans are very l i m i t e d . Measurements are d i f f i c u l t to
per f o rm, and re sul t s vary s i g n i f i c a n t l y from s t u d y to s tudy and f r om method to method. In a d d i t i o n ,
data are based mainly on short term s t ud i e s , so e s t imate s of long-term average intake rates are
e s p e c i a l l y uncertain. Moreover, intake rates are l i k e l y to vary f rom site to s i t e and p r o p e r t y to
p r o p e r t y , d e p e n d i n g on t h i n g s such as c l i m a t e , socioeconomic s t a t u s , yard c ond i t i on , etc., so the
d e f a u l t intake rates used in these c a l c u l a t i o n s may not r e f l e c t the true intake rates at the site. Because
of the l imi ta t ions in the data, the d e f a u l t values recommended by U S E P A are intended to be on the
high side (i.e., are more l i k e l y to overest imate than undere s t imate actual soil i n g e s t i o n ) .
T h i s is i l l u s t r a t e d by comparing the d e f a u l t soil intake rates used by U S E P A to data on soil intake
rates measured in a group of 64 ch i l dr en in Anaconda , Montana ( S t a n e k and Calabr e s e 2000). T h i s
s tudy, which u t i l i z e s the l a t e s t and most r e f in ed ana ly t i ca l and s t a t i s t i c a l methods for e s t i m a t i n g soil
inge s t i on by ch i ldr en , e s t imated that the average (CTE) 7-day intake by ch i ldren is about 31 m g / d a y
(compared to the d e f a u l t of 100 m g / d a y ) , and that the 95th p e r c e n t i l e intake for 7 days and 365 days
are 133 and 106 m g / d a y , r e s p e c t i v e l y (compared to the d e f a u l t a s sumpt ion of 200 m g / d a y ) . If these
values f r om the Anaconda si te were j u d g e d to be a more r e l i a b l e basis for e s t imation of risk f r om soil
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inge s t ion than the current d e f a u l t values, and if adul t soil intake is assumed to be about Vi that of
c h i l d r e n , then there are only 23 p r o p e r t i e s (rather than 92 p r o p e r t i e s ) in the V B / I - 7 0 site where RME
cancer risks f rom soil ingestion exceed a level of IE-04.
Uncertainty in the Fraction of Total Intake that is Soil
One of the variables used to ca l cu la t e risks f r om inges t ion of soil p l u s dust is the f r a c t i o n of the total
intake that is soil ( f s ) . The EPA d e f a u l t value for thi s variable (45%) is based mainly on
measurements in a set of 64 preschool children, but due to the d i f f i c u l t y in making these
measurements, as well as p o t e n t i a l d i f f e r e n c e s between chi ldren and between s i t e s , thi s value should
be considered uncertain. It is not known whether the true value at the V B / I - 7 0 site is more l i k e l y to
be higher or lower than the d e f a u l t values. If the true s i t e - s p e c i f i c value of f s were lower (e.g., 20%
rather than 45%), risks would be about 12% lower than ca l cu la t ed . Conver s e ly , if the true site-
s p e c i f i c value were higher (e.g., 70% rather than 45%), then the risks would be about 12% higher than
c a l c u l a t e d .
Uncertainty in Exposure Duration
Cancer risk c a l c u l a t i o n s depend on the duration of exposure. D e f a u l t exposure durations used in the
risk assessment are not s i t e - sp e c i f i c , and are estimated from data on the l ength of time that p e o p l e
own a par t i cu lar residence. T h u s , actual exposure durations of r e s ident s at the site may not be the
same as the assumed exposure durat ions , and might be either longer or shorter than assumed. For
e x a m p l e , if the exposure duration were assumed to be 45 years (6 years as a ch i ld and 39 years as an
a d u l t ) rather than the d e f a u l t value of 30 years, the e s t imated excess cancer risk level f r o m soil
ingestion would be about 19% higher than the values reported. In addi t ion, all of the exposure
ca l cu la t i on s presented here assume that exposure begins during c h i l d h o o d , when intake rates are
higher than during adu l thood . T h u s , risks to i n d i v i d u a l s who move to the s i t e a f t e r they are ch i ldren
wil l be lower than e s t imated. For example , risks to an indiv idual exposed for 30 years as an adu l t are
only 37% of the risks to an ind iv idua l exposed for 6 years as a c h i l d and 24 years as an a d u l t .
Uncertainty in RME Exposures

In the d e f a u l t point e s t imate approach for e s t i m a t i n g exposure and risk to an RME i n d i v i d u a l , two
exposure parameters (intake rate and exposure dura t i on) are both assumed to be at their 95th
p e r c e n t i l e values. In r ea l i ty , because these two exposure parameters are i n d e p e n d e n t of each other,
it is very u n l i k e l y that an individual with RME soil intake wi l l also have RME exposure duration.
T h e r e f o r e , an i n d i v i d u a l with both RME soil intake and RME exposure duration represents not the
95th p e r c en t i l e of the risk d i s t r i b u t i o n , but some s i g n i f i c a n t l y higher p er c en t i l e . One way to e s t imate
what the p e r c e n t i l e of the d e f a u l t RME i n d i v i d u a l is, as well as the actual 95th p e r c e n t i l e value, is
through Monte Carlo mode l ing . Screening level c a l c u l a t i o n s per formed with th i s approach suggest
that the RME risk estimate derived by the point estimate approach is about twice the Monte Carlo
e s t imate of the 95th p e r c e n t i l e value, and is l ocated at a p p r o x i m a t e l y at or above the 99th p e r c e n t i l e
of the risk d i s t r i b u t i o n . T h i s s u p p o r t s the conclus ion that RME po in t e s t imat e s of risk p r o v i d e a
sub s tan t ia l margin of s a f e t y .
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Uncertainty in Toxicity Factors
One of the largest sources of uncertainty in most risk asses sments stems from uncertainty in the
t o x i c i t y f a c t o r s used to pred i c t re sponse s f r o m the c a l c u l a t e d doses. In the case of arsenic, dose-
response data are derived f r om s tudie s in humans, which s i g n i f i c a n t l y reduces the degree of
uncertainty compared to e x t r a p o l a t i o n s based on animal data. However, a s i g n i f i c a n t degree of
uncertainty s t i l l remains in both the oral cancer s l o p e f a c t o r and the chronic RfD. One of the most
important sources of th i s uncertainty is lack of r e l iab l e data on actual arsenic inge s t i on rates by the
human p o p u l a t i o n used to q u a n t i f y risk. There are also s t i l l large uncertainties in how to e x t r a p o l a t e
the dose-response curve f rom r e l a t i v e l y high exposure l e v e l s to lower exposure l eve l s . For e xampl e ,
arsenic does not appear to cause cancer by a direct genotoxic mechanism (USEPA 2 0 0 l a ) , s u g g e s t i n g
that a sub-linear (and perhaps even a thr e sho ld) model might be reasonable. However, in the absence
of i n f o r m a t i o n on the actual mode of action, an a s sumpt ion of l in ear i ty is s t i l l deemed to be necessary
and a p p r o p r i a t e (USEPA 2001a). If the dose response curve is sub-linear, current risk e s t imate s
would be too high. Further, there is uncertainty in the importance of cul tural , ethnic, dietary, and
socioeconomic d i f f e r e n c e s between d i f f e r e n t s t udy p o p u l a t i o n s . W h i l e l i t t l e i s known about the
re lat ive importance of these f a c t o r s , it is l i k e l y that there are d i f f e r e n c e s between p e o p l e in their
s en s i t iv i ty to ingested arsenic, and it is for this reason that U S E P A seeks to ensure an adequate margin
of s a f e t y in the derivation of the RfD and the s l o p e fa c t or .
Uncertainty in Bioavailability

In order to cause an adverse re sponse , arsenic that is inge s t ed must be absorbed into the body.
Measurements of the arsenic re la t ive b i o a v a i l a b i l i t y have been per f ormed for f i v e s o i l s f r om the VB/I-
70 site. W h i l e measurements based on s i t e s o i l s s i g n i f i c a n t l y reduces uncertainty in t h i s exposure
parameter, uncertainty s t i l l remains. For e xampl e , v a r i a b i l i t y was observed between d i f f e r e n t s i te
s o i l s , and a conservative e s t imate of the mean value was employed to represent the s i t e-wide average
absorption. T h i s approach is e xpec t ed to result in an over-estimate of true absorpt ion. A n o t h e r
source of uncertainty is in the e x t r a p o l a t i o n of data f r o m test animals to humans. The test animals
( s w i n e ) were se lec ted because they are be l i eved to have a ga s t ro in t e s t ina l system s imi lar to that in
humans, but it is al so expec t ed that ab sorpt ion in humans may vary as a f u n c t i o n of age, stomach
content s , nutr i t i onal s ta tus , etc. T h u s , the measurements in animals should be viewed as uncertain
estimates of the true values in humans.
The RB A measured for soil was a l so assumed to a p p l y to dus t . T h i s a s s umpt i on is uncertain because
the size dis tribution of arsenic-containing par t i c l e s in dust may be d i f f e r e n t than for so i l , and p a r t i c l e
size might be one fa c t or that i n f l u e n c e s RBA. If dust contains s m a l l e r p a r t i c l e s than s o i l , and if t h i s
size d i f f e r e n c e t ends to increase RBA, then the use of the soil RBA could undere s t imate the
absorption of arsenic from dust. However, it should be remembered that the RBA value for soil was
measured us ing on ly the f i n e f r a c t i o n of soil ( o n l y p a r t i c l e s s m a l l e r than 250 micrometers in
diameter), so the d i f f e r e n c e in p a r t i c l e size d i s t r i b u t i o n between dust and soil is not e xp e c t ed to be
large. In a d d i t i o n , because arsenic concentrations in dust tend to be lower than in s o i l , the dose
contributed by dust i n g e s t i o n is r e l a t i v e l y small compared to that for s o i l , so uncertainty in the
a b s o r p t i o n f r a c t i o n for dust r e su l t s in o n l y a small uncertainty in the t o ta l absorbed dose.
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Uncertainty in Pica Exposure and Risks
As noted above, screening-level c a l c u l a t i o n s suggest that acute exposure s to arsenic in soil as sociated
with soil p i ca behavior (i.e., p ica exposure) might be of concern at a number of proper t i e s wi th in the
site. However, data on the amount of soil inges ted during p i ca behavior are very sparse. Based
mainly on one s tudy that observed an intake of 5-8 g / d a y by a s ing l e c h i l d , (Calabre s e et al. 1989),
U S E P A has indicated that 5-10 grams might be a reasonable estimate. If th i s intake rate is correct,
and if arsenic absorption from this mass of soil is similar to that estimated in s i t e - s p e c i f i c s tudies
(42%), then anywhere f r om 22% to 62% of all proper t i e s within the V B / I - 7 0 s i te (and p e r h a p s ou t s id e
the site as w e l l ) could have arsenic l ev e l s above a level of acute concern. U S E P A f e e l s th i s
conclus ion is e s p e c i a l l y uncertain, since the A g e n c y is not aware of any reported cases of acute
arsenic t o x i c i t y a t t r i bu tab l e to inge s t i on of arsenic in soi l . A more recent s tudy of soil intake did not
observe intake rates above 700 m g / d a y in a group of 64 ch i ldren, s u g g e s t i n g that values of 5-10 grams
might be u n r e a l i s t i c a l l y high. In a d d i t i o n , l i m i t e d data on urinary arsenic l e v e l s in res idents of the
V B / I - 7 0 area and the nearby G l o b e neighborhood do not reveal the occurrence of high soil intakes
by ch i ldren . T h e s e considerations sugges t that arsenic risk from soil p i ca behavior may not be as
s i g n i f i c a n t as the calculations suggest. On the other hand, if this type of exposure were to occur, it
is p o s s i b l e the symptoms (transient upset stomach and general mala i s e) would not be recognized as
being arsenic-related, and could ea s i ly go un-detected or un-reported. In a d d i t i o n , if soil pica
behavior is assumed to occur only i n f r e q u e n t l y during c h i l d h o o d , then the chances of observing the
behavior in a s tudy could be quite low. Because of the high uncertainty regarding the magni tude and
f r equency of soil pica behavior, more re l iab l e risk est imates for this scenario wi l l not be p o s s i b l e until
bet ter data are c o l l e c t e d on p i ca intakes , a long with direct measures of s o i l-re la t ed exposures to
arsenic in s o i l .
Summary of Uncertainties in Arsenic Risk Characterization
Because of the uncertainties summarized above, none of the exposure and risk c a l c u l a t i o n s for arsenic
should be in t erpre t ed as accurate measures of the true risk, rather, all values should be interpreted as
uncertain e s t imates . Because a m a j o r i t y of the approaches for d e a l i n g with uncer tainty are more l i k e l y
to overest imate than underestimate true risk, the f i n a l risk values above should be though t of as more
l i k e l y to be higher than lower than the actual risks.
5.4 Exposure Risk From Lead
5.4.1 Overview
Risks f r om lead exposure are evaluated using a somewhat d i f f e r e n t approach than for most other
metal s . F i r s t , risks are assessed only for young c h i l d r e n because they are more s u s c e p t i b l e to the
h e a l t h e f f e c t s f r om lead exposure than adu l t s . S e c o n d , risks are expres sed as the p r o b a b i l i t y that a
c h i l d w i l l have a blood lead value greater than 10 jUg/dL. The health-based goal e s t a b l i s h e d by
U S E P A is that there should be no more than a 5% chance that any chi ld wi l l have a blood lead value
above 10 /y,g/dL.
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5.4.2 IEUBK Mode l for Ass e s s ing Lead Risk
5.4.2.1 Risks f rom S o i l and Dust
The U S E P A has d eve loped an I n t e g r a t e d Exposure U p t a k e Biokinetic (IEUBK) model for p r e d i c t i n g
the l i k e l y range of blood lead l ev e l s in a p o p u l a t i o n of young chi ldren (age 0-6 years) exposed to a
s p e c i f i e d set of environmental lead l ev e l s . The IEUBK model was used to pred i c t risks at each
p r o p e r t y that was sampled during Phase EH, using d e f a u l t IEUBK model input parameters for al l
parameters except for two site s p e c i f i c i n p u t s : 1) the concentration of lead in dust as a f u n c t i o n of
the concentration in s o i l , which were based on s i t e - s p e c i f i c measurements, and 2) the relative
b i o a v a i l a b i l i t y of l ead , which was based on a test of site s o i l s in an animal s tudy. The site s p e c i f i c
RBA was 84%, higher than the IEUBK model d e f a u l t a s sumption of 60%.
The IEUBK model was used to ca l cu la t e the expec t ed blood lead d i s t r i b u t i o n for ch i ldren (age 0-84
months) for each proper ty . The r e su l t s , characterized in terms of the p r o b a b i l i t y of a random c h i l d
exceeding a blood lead value of 10 / i g / d L ( t h i s is referred to as "P10"), are shown in T a b l e 5-8. As
seen, 1,655 out of 2,986 homes are predicted to have P10 values at or below the health-based goal
of 5%, whi le 1,331 (45%) are pred i c t ed to exceed the heal th-based goal. A p p r o x i m a t e l y 610
proper t i e s are pred i c t ed to have P10 values of 5-10%, s l i g h t l y above the heath-based goal. However,
about 518 p r o p e r t i e s would be expec t ed to have P10 values between 10-20%, and 203 homes are
predic t ed to have P10 values greater than 20% ( s u b s t a n t i a l l y above the heal th-based g o a l ) . It should
be noted that 1,057 of the 1,331 properties (79%) with P10 values above 5% have mean bulk lead
concentrations lower than 400 ppm (the U S E P A screening level for lead in s o i l ) . T h i s i s mainly
because the s i t e - s p e c i f i c RBA for lead (84%) is higher than the d e f a u l t value (60%), and also because
of the use of the concentration value in the f i n e f r a c t i o n rather than the bulk f r a c t i o n in the risk
c a l c u l a t i o n s .
A l t h o u g h homes with e l evated soil lead are f ound in all ne ighborhoods , the d e n s i t y of homes with
P10 values greater than 5% tends to be higher in the central and western part of the site than in areas
on the eastern side of the site.
When in t e rpr e t ing these risk e s t imate s , it is impor tant to recognize that lead is a n a t u r a l l y occurring
element in s o i l , and that there are many current and h i s t or i c anthropogenic sources of lead (e.g.,
au tomobi l e exhaust , l eaded p a i n t , generalized indu s t r ia l emiss ions, etc.). Based on the extens ive soil
data set c o l l e c t e d during Phase f f l , l e v e l s of lead in bu lk s o i l s at the V B / I - 7 0 s i te range from below
the de t e c t i on l imi t (about 52 p p m ) up to a maximum of more than 1,000 p p m . If it is assumed that
the upper range of the lead f r o m natural and area-wide a n t h r o p o g e n i c sources is about 400 p p m , then
the mean of all s a m p l e s that are l e s s than 400 ppm is about 195 ppm. U s i n g th i s value (195 ppm in
bulk s o i l ) as a rough e s t imate of the mean concentrat ion in urban background s a m p l e s , and as suming
the same s i t e - s p e c i f i c inpu t values described above, the IEUBK model p r e d i c t s that b lood lead l e v e l s
at tr ibu tab l e to urban background l ev e l s of lead p r o b a b l y average about 4.4 jUg/dL for a t y p i c a l
( m e d i a n ) c h i l d , and might be as h igh as 9.5 j u , g / d L for a c h i l d wi th above-average ( 9 5 t h p e r c e n t i l e )
exposure to soil or dus t .
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T a b l e 5-8 Estimated Risks to C h i l d r e n f r o m Lead in Soi l and Dust

Neighborhood

C l a y t o n
C o l e

Elyria

G l o b e v i l l e
Swansea
A l l

Total Number
of Proper t i e s

902
100%
796

100%
59

100%
63

100%
1166

100%
2986
100%

Number and Percent of Properties wi th in S p e c i f i e d Risk Range
P10 <= 5%

712
79%
169

21%
6

10%
7

11%
761
65%
1655
55%

P10 > 5% and
<= 10%

119
13%
248
31%

9
15%

18
29%
216
19%
610
20%

P10 > 10% and
<= 20%

52
6%
273
34%
28

47%
21

33%
144
12%
518
17%

P10 > 20%
19

2%
106
13%

16
27%

17
27%

45
4%
203
7%

T o t a l P10>5%
190

21%
627
79%

53
90%

56
89%
405
35%
1331
45%

P10=Prediced Risk of Exceed ing Blood Lead of 10 /ig/dL

5.4.2.2 Risks f rom Lead in Garden V e g e t a b l e s
As noted prev iou s ly , s i t e - s p e c i f i c data show there is e s s e n t i a l l y no d e t e c t a b l e up take of lead from soil
into garden vege tab l e s at t h i s site. On th i s basis , it is conc luded that exposure to lead from inges t ion
of home grown garden vege tab l e s is not of concern.
5.4.3 Uncertainties in Lead Risk Evaluation
It is important to stress that lead risk p r e d i c t i o n s based on the IEUBK model are uncertain. T h i s
uncertainty arises f rom a number of fac tor s . F i r s t , there is inherent d i f f i c u l t y in p r o v i d i n g the model
with r e l i a b l e e s t imates of human exposure to l ead-contaminated media. For e x a m p l e , exposure to
soil and dust is d i f f i c u l t to q u a n t i f y because human intake of these media is l i k e l y to be h i g h l y
variable, and it is very d i f f i c u l t to derive accurate measurements of actual intake rates. Likewise, site-
s p e c i f i c data on exposure to lead through the diet are g e n e r a l l y not ava i lab l e , and because dietary lead
l e v e l s have been decreasing over time, the d e f a u l t data used in the model may no longer be accurate.
S e c o n d , it is o f t e n d i f f i c u l t to obtain r e l i a b l e es t imates of key pharmacokinet ic parameters in humans
(e.g., ab s orp t i on f r a c t i o n , d i s t r i b u t i o n and clearance rates, etc.), since direct observations in humans
are l i m i t e d . F i n a l l y , the ab sorp t i on , d i s t r i b u t i o n and clearance of lead in the human body is an
extremely complicated process, and any mathematical model intended to simulate the actual processes
is l i k e l y to be an o v e r - s i m p l i f i c a t i o n . C o n s e q u e n t l y , IEUBK model c a l c u l a t i o n s and p r e d i c t i o n s
should not be thought of as being i d e n t i c a l to actual risk.
One way to h e l p characterize the uncertainty that may exist in the IEUBK model c a l c u l a t i o n s is to
i n v e s t i g a t e the e f f e c t o f a l t e rna t iv e ( n o n - d e f a u l t ) model i n p u t s for some of the more uncertain
parameters. E s p e c i a l l y important is the geometric s tandard d ev ia t i on (GSD) value, which has a very
p o w e r f u l e f f e c t on the number of p r o p e r t i e s of concern. S t u d i e s at other s i te s have shown that the
GSD value may o f t e n be lower than the d e f a u l t of 1.6, and if that were to be the case at th i s s i t e , risks
to ch i ldren f r om lead could be s u b s t a n t i a l l y overes t imated. A n o t h e r parameter that is uncertain is the
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soil intake rate, and if data f rom the most recent s t u d y of soil intake in ch i ldren were used in p l a c e
of the d e f a u l t soil intake values, risks f r om lead would be below a level of concern at most l o ca t i on s .
A n o t h e r way that may sometimes h e l p assess whether the IEUBK model i s y i e l d i n g r e l i a b l e r e su l t s
at a par t i cu lar site is to compare the IEUBK model p r e d i c t i o n s with actual observations of b lood lead
l e v e l s in the p o p u l a t i o n of ch i ldren currently l i v i n g at the site. At the V B / I - 7 0 s i te , only very l imi t ed
blood lead data c o l l e c t ed by USEPA are a v a i l a b l e , with values f r om only 21 i n d i v i d u a l s ava i lab l e (15
p a r t i c i p a n t s in the Phase I / II program, 6 p a r t i c i p a n t s in the Phase m program). In t h i s group of
i n d i v i d u a l s , the maximum blood lead concentration observed was 5 /Ltg/dL. W h i l e t h i s the data set
is much too l imi t ed to suppor t the conclusion that risks are absent, neither do the r e su l t s s ignal any
cause for alarm. Data from several blood lead survei l lance programs conducted by the S t a t e sugges t
that lead in soil does contribute to b lood lead in area ch i ldr en , but that soil lead is not the primary
reason for b lood lead concentrations greater than 10 / i g / d L .
5.5 Conclus ion
Arsenic
In some yards within the V B / I - 7 0 s i te, l e v e l s of arsenic in yard soil are s u f f i c i e n t l y e l evated to pose
an RME excess l i f e t i m e cancer risk that is above a level of IE-04. Based on current data , about 3%
of all p r o p e r t i e s fall into th i s category. Chronic and subchronic non-cancer risks from arsenic are a l so
above a level of human hea l th concern at some p r o p e r t i e s , mainly at the same l o ca t i on s where cancer
risks are above IE-04.
Scre en ing level c a l c u l a t i o n s suggest that h igh l e v e l s of soil intake as soc iated with soil p i ca behavior
in ch i l dr en might be of acute non-cancer concern at a large number of p r o p e r t i e s at the s i t e , but t h i s
f i n d i n g is j u d g e d to be e s p e c i a l l y uncertain due to lack of r e l i ab l e i n f o r m a t i o n on the magni tude and
frequency of p i ca soil inges t ion and on the most a p p r o p r i a t e acute oral RfD value.
Lead
Lead also occurs at e levated l e v e l s in soil at some res idential proper t i e s . E l eva t i on s occur in all
ne ighborhoods of the s i t e , but l e v e l s tend to be higher on the western part of the s i te than the eastern
part. U s i n g EPA's IEUBK model to evaluate the risk to ch i ldr en , i t i s e s t imated that about 45% of
residences have l e v e l s that exceed EPA's hea l th-bas ed goal (no more than a 5% chance that a c h i l d
w i l l have a b lood lead value above 10 /Ltg/dL). Of these, many (about 79%) have mean lead
concentrat ions lower than 400 ppm (the U S E P A d e f a u l t level of concern). T h i s i s mainly because
the s i t e - s p e c i f i c RBA for lead (84%) is higher than the d e f a u l t value (60%).
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ND-98-389
ND-98-391
ND-98-400
ND-98-414
ND-98-432
ND-98-435
ND-98-436
ND-98-444
ND-98-459
ND-98-461
ND-98-473
ND-98-478
ND-98-483
ND-98-486
ND-98-51 1
ND-98-514
ND-98-51 7
ND-98-520
ND-98-551
ND-98-555
ND-98-572
ND-98-585
ND-98-586
ND-98-607
ND-98-616
ND-98-641
ND-98-649
ND-98-650
ND-98-660
ND-98-686
ND-98-703
ND-98-706
ND-98-721
ND-98-738
ND-98-745
ND-98-752
ND-98-766
ND-98-782
ND-98-784
ND-98-792
ND-98-793

S a m p l eT y p e
F i e l d
F i e l dF i e l d
F i e l d
F i e l d
F i e l d
F i e l dF i e l dF i e l d
F i e l d
F i e l d
F i e l d
F i e l d
F i e l d
F i e l d
F i e l dF i e l dF i e l d
F i e l d
F i e l d
F i e l d
F i e l d
F i e l dF i e l dF i e l dF i e l dF i e l d
F i e l dF i e l d
F i e l d
F i e l dF i e l d
F i e l d
F i e l d
F i e l d
F i e l d
F i e l d
F i e l dF i e l d
F i e l dF i e l d
F i e l dF i e l d
F i e l d
F i e l d
F i e l d

I C P - M S (pp_m)
As

1700
310
590
410
820
620
1500
940
500
420
95

420
370
370
170
180
240
290
230
29
63

750
650
350
300
520
910
540
490
400

2300
1300

13
710
85

340
19
73
55
25

350
340

7600
3400
880
1100

Cd
16

8.1
10
8.3
6.7
7.8
13
12
12

2.9
1.9
2.9
1.7
5.8
5.8
4.8
6

7.6
5.4
1.6
3.3
7.8
8.9
6

4,6
7.6
9.6
8.3
11

5.7
8

8.5
4.3
20
5.7
1 1
4

4.3
3.9
2.1
7.6
2.8
10
10
7

1 1

Pb
1600
890
1700
1500
1900
2000
1900
2400
1600
330
110
220
240
530
870
140
230
270
360
80

230
1100
840
1200
890
1100
2800
1200
1100
530
960
740
270
1000
330
1300
280
270
240
130
390
1100
1500
2000
750

1200

Zn
490
350
360
280
310
290
390
460
440
140
83
140
130
210
240
180
180
190
220
120
230
260
350
220
190
230
350
280
390
350
440
200
160
610
520
360
430
150
180
200
260
140
270
480
170
280

a p p A2-6.xls A2-6.2



S a m p l eN u m b e r
ND-98-819
ND-98-825
ND-98-837
ND-98-842
ND-98-859
ND-98-880
ND-98-887
ND-98-888
ND-98-899
ND-98-933
ND-98-943
ND-98-946
ND-98-960
ND-98-977
ND-98-987
ND-98-991
ND-98-994
ND-98-998

ND-98-2995
ND-98-2998
ND-98-3101
ND-98-3125
ND-98-3209

S a m p l e
T y p e
F i e l dF i e l dF i e l dF i e l dF i e l dF i e l dF i e l dF i e l dF i e l dF i e l d
F i e l d
F i e l d
F i e l d
F i e l d
F i e l d
F i e l d
F i e l dF i e l d
QC
QC
QC
QC
QC

I C P - M S ( p p m )
As j
240
140
17
59
130
840
280
350
88
180
28

220
370
74
160
66

270
28
67

320
70
15
10

Cd
7.9
5.7
1.5
3.5
8

6,4
7.9
7.6
5.9
5.1
2.4
5.2
3.8
1.7
3.2
2.4
3.7
1.9

310
13
26
2.5
0.2

: Pb
500
370
100
370
500
480
330
290
600
380
100
390
240
98
170
95
180
78

3100
4600
770
120
160

Zn
390
390
160
730
220
190
240
220
170
260
260
340
160
140
150
160
130
190

15000
1900
320
410
120

QC - Q u a l i t y Control S a m p l e

a p p A2-6.x l s A2-6.3



C o n f i r m a t i o n S o i l S a m p l e s ( U n i m p a c t e d )
Drex l er S a m p l eN u m b e r

ND-98-1989
ND-98-1974
ND-98-1977
ND-98-2096
ND-98-1946
ND-98-1943
ND-98-2048
N D - 9 8 - 1 9 5 9
ND-98-1957
N D - 9 8 - 1 9 9 2
ND-98-1948
ND-98-1949
ND-98-1960
ND-98-1928
ND-98-1882
ND-98-1904
ND-98-1956
ND-98-1883
ND-98-1894
ND-98-1895
ND-98-1918
ND-98-1934
ND-98-1941
N D - 9 8 - 1 9 1 1
ND-98-2034
ND-98-1990
ND-98-3101
ND-98-3125
ND-98-3209
ND-98-2998
ND-98-2995
ND-98-3204

S a m p l e T y p e
F i e l d
F i e l dF i e l d
F i e l dF i e l dF i e l d
F i e l dF i e l d
F i e l dF i e l d
F i e l dF i e l dF i e l dF i e l dF i e l dF i e l dF i e l dF i e l dF i e l dF i e l dF i e l dF i e l d
F i e l dF i e l dF i e l dF i e l dQC
QC
QC
QCQCQC

X R FA s p p m
299
698
811
535
520
586

1600
1716
1257
647
540
391
841
297

8
421
392
261
338
414
395
299
627
279
N D
378
105
23
18

397
78
12

C d p p m
7

10
11
14
9
7

16
8

11
7
8
8
5
9
5
7

11
9
6
8
7
9
8
7
4
5

42
3
0

21
432
29

P b p p m
162
245
309
447
198
404
596
348
635
284
199
258
162
195
200
247
255
219
187
167
176
207
253
246
240
228

1162
161
19

5195
4414
2500

Zn ppm
138
157
365
242
176
385
381
214
201
207
174
214
133
176
346
219
150
206
147
115
171
176
217
177
194
162
N P
N P
N P
N P
N P
N P

I C P / I C P M S
A s p p m

207
456
499
296
311
372
764

1070
826
412
338
265
492
490
13

248
204
157
206
186
204
166
333
141
10

269
69
13
9

353
64
11

Cd ppm
LA
LA
LA
LA
LA
LA
LA
LA
LA
LA
LA
LA
LA
LA
3.3
6.9
6.8
6.3
5.8
4.3
6.9
6.4
7.3
4.8
2.4
4.9

38.4
2.9
N D

20.0
413.0
30.1

P b p p m
136
216
238
348
155
301
380
288
513
233
163
215
128
164
136
176
184
150
134
107
132
135
198
177
214
166
931
122

9
2380
2900
2150

Zn ppm
LA
LA
LA
LA
LA
LA
LA
LA
LA
LA
LA
LA
LA
LA

304
181
134
166
131
110
150
148
168
139
173
129
307
394
82

3220
19400
27000

LA = Lost A n a l y s i sN D = N o t Detected

a p p A2-7.xl s A2-7



Blind QC Resul t s f or S o i l C o n f i r m a t i o n S a m p l e s A n a l y z e d v ia ICP-MS ( U n i m p a c t e d P r o p e r t i e s )

Drexler S a m p l e I D
ND-98-2995
ND-98-2998
ND-98-3101
N D - 9 8 - 3 1 2 5
ND-98-3204
ND-98-3209

Standard Used
S R S O 19-50
CRM 020-50

NIST 271 1
N I S T 2704
N I S T 8604
N I S T 2709

T r u e V a l u e s C o n c e n t r a t i o n ( p p m )As
78

397
105
23
12
18

Pb
4414
5195
1162
161

2500
19

Cd
432
21
42

3.45
29

0.38

A r s e n i cC
64.3
353
69.3
12.9
11.2
8.8

%R
82.4
88.9
66.0
56.1
93.3
48.9

LeadC
2900
2380
931
122

21508.7

%R
65.7
45.8
80.1
75.8
86.0
45.8

C a d m i u mC
41320
38.4
2.9

30.1
N D

%R
95.6
95.2
91.4
84.1

103.8--
B l i n d Q C Resu l t s f o r S o i l C o n f i r m a t i o n S a m p l e s A n a l y z e d v i a I C P - M S ( I m p a c t e d P r o p e r t i e s )

D r e x l e r S a m p l e I D
ND-98-2995
ND-98-2998
ND-98-3101
ND-98-3125
ND-98-3209

S t a n d a r d Used
S R S O 19-50
CRM 020-50

N I S T 2 7 1 1
N I S T 2704
N I S T 2709

T r u e V a l u e s Concentra t ion ( pAs
78

397
105
23
18

Pb
4414
5195
1162
161
19

Cd
432
21
42

3.45
0.38

3m)Zn
22,217
3022
350
438
106

ArsenicC
67

320
70
15
10

%R
85.9
80.6
66.7
65.2
55.6

LeadC
3100
4600
770
120
16

%R
70.2
88.5
66.3
74.5
84.2

C a d m i u mC
310
13
26
2.5
0.2

%R
71.8
61.9
61.9
72.5
52.6

Z i n c
C

15000
1900
320
410
120

%R
67.5
62.9
91.4
93.6

113.2
Comparison Between Laboratories

Drexler S a m p l e I D
ND-98-2995
ND-98-2998
ND-98-3101
N D - 9 8 - 3 1 2 5
ND-98-3209

Standard Used
SRSO 19-50
CRM 020-50

N I S T 2711
N I S T 2704
N I S T 2709

Relat ive Percent D i f f e r e n c e (%)As
4.1
9.8
1.0

15.1
12.8

Pb
6.7

63.6
18.9
1.7

12.8

Cd
28.5
42.4
38.5
14.8

a p p A 9 - 8 . x l s iA2-8
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A P P E N D I X A3
Comparison of X-Ray Fluorescence to

Other Analytical Methods



Comparison Of X-Ray Fluorescence To Other Analytical Methods

Purpose:
Analysi s of soil samples at the VB/I-70 site have been performed using energy dispersive
X-Ray Fluorescence (XRF) as the primary method, with Induct ive ly Coupled Argon
Plasma (ICP) as the confirmation method. Analys i s by the two methods generally
produce very similar values, however upon review of the Phase IE sample results , a
tendency for XRF results for site soils to be s l i g h t l y higher than the ICP results was
noted. ( S e e A p p e n d i x A4- Data Quality Assessment for Phase EHA S a m p l i n g Program
Figure 17, A p p e n d i x A5- Data Quality Assessment for Phase IIIB S a m p l i n g Program
Figure 21 and A p p e n d i x A6- Data Quality Assessment for Phase IIIB Grab S a m p l i n g
Program Figure 21). Thi s d i f f e r e n c e was not apparent for s i t e- spec i f i c PE samples. (See
A p p e n d i x A4 Figures 13 and 14, A p p e n d i x A5 Figures 15 and 16, and A p p e n d i x A6
Figures 15 and 16.) Since the XRF results tended to yield higher values than ICP results
(see Figure 4), it was important to determine which method should be viewed as most
nearly accurate. It was recommended that a set of s o i l s , which were analyzed by both
XRF and ICP, be analyzed by a third method: Neutron Activation Analys i s (NAA).
NAA is believed to be free of the potential l imitations that may account for the d i f f e r e n c e
between XRF and ICP. These limitations might include incomplete extraction,
interference by lead, etc. The NAA results were expected to provide a basis for deciding
which method should be considered the most accurate. T a b l e 1 l i s t s the soils re-
submitted for NAA. The soil samples were chosen to represent a f u l l range of arsenic
concentrations and 16 were used in order to spread out the data po int s over the x-axis,
giving a robust estimate of the s lope.
Summary Of Results;
The re-submitted soils were analyzed for Neutron Activation Analysi s (NAA) by Method
NAS-1 in t r ip l i ca t e at Chemex, Inc. The results for XRF, ICP and NAA are reported in
T a b l e 1. The NAA results were compared to the PE nominal values (see Figure 1) and
the NAA arsenic concentrations were clearly higher than the PE values for arsenic. The
ICP result s were compared to the NAA results (see Figure 2) and the ICP Arsenic
concentrations were obviously lower than the NAA results. The XRF arsenic
concentrations, however, compared well with the NAA results (see Figure 3). On the
basis of comparison to NAA results, the arsenic concentrations in soil measured by
energy dispersive XRF are considered to be the most accurate.



T a b l e 1: Cross-Reference T a b l e f or Phase III S a m p l e s Re-submitted for NAA
Original S a m p l ero#

3-00205-B
3-00205-B
3-00205-B
3-00698-B
3-00698-B
3-00698-B
3-023 18-B
3-023 18-B
3-023 18-B
3-023 19-B
3-023 19-B
3-023 19-B
3-025 93-B
3-02593-B
3-02593-B
3-02950-B
3-02950-B
3-02950-B

B1-00001-F
B1-00001-F
B1-00001-F
B1-00002-F
B1-00002-F
B1-00002-F
B1-00003-F
B1-00003-F
B1-00003-F
B1-00004-F
B1-00004-F
B1-00004-F
B1-00005-F
B1-00005-F
B1-00005-F
B1-00006-F
B1-00006-F
B1-00006-F
Standard A
Standard A
Standard A
Standard B
Standard B
Standard B
Standard C
Standard C
Standard C
Standard D
Standard D
Standard D

Aliquo t #
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

S a m p l e ID and
Aliquot

3-00205-B- 1
3-00205-B-2
3-00205-B-3
3-00698-B- 1
3-00698-B-2
3-00698-B-3
3-02318-B-l
3-02318-B-2
3-02318-B-3
3-02319-B-l
3-023 19-B-2
3-023 19-B-3
3-02593-B- 1
3-02593-B-2
3-02593-B-3
3-02950-B- 1
3-02950-B-2
3-02950-B-3

B1-00001-F-1
B1-00001-F-2
B1-00001-F-3
B1-00002-F-1
B1-00002-F-2
B1-00002-F-3
B1-00003-F-1
B1-00003-F-2
B1-00003-F-3
B1-00004-F-1
B1-00004-F-2
B1-00004-F-3
B1-00005-F-1
B1-00005-F-2
B1-00005-F-3
B1-00006-F-1
B1-00006-F-2
B1-00006-F-3
Standard A - l
Standard A-2
Standard A-3
Standard B-l
Standard B-2
Standard B-3
Standard C-l
Standard C-2
Standard C-3
Standard D-l
Standard D-2
Standard D-3

N A A S a m p l en>#
3-32
3-38
3-42
3-20
3-05
3-16
3-40
3-02
3-37
3-24
3-25
3-01
3-29
3-44
3-35
3-27
3-31
3-19
3-08
3-11
3-18
3-48
3-09
3-26
3-47
3-45
3-14
3-39
3-28
3-03
3-36
3-23
3-21
3-04
3-30
3-07
3-22
3-46
3-41
3-33
3-15
3-06
3-34
3-13
3-43
3-17
3-12
3-10

Des cr ip t i on/Sourc e
Phase 3
Phase 3
Phase3
Phase 3
Phase 3
Phase 3
Phas eS
Phas eS
Phas e s
Phase3
Phas eS
Phase s
Phase3
Phase 3
PhaseS
PhaseS
Phase3
Phase3
Swine B i o a v a i l a b i l i t y / T e s t Material 1
Swine B i o a v a i l a b i l i t y / T e s t Material 1
Swine B i o a v a i l a b i l i t y / T e s t Material 1
Swine B i o a v a i l a b i l i l y / T e s t Material 2
Swine B i o a v a i l a b i l i t y / T e s t Mater ia l 2
Swine B i o a v a i l a b i l i t y / T e s t Material 2
Swine B i o a v a i l a b i l i t y f l T e s t Material 3
Swine B i o a v a i l a b i l i t y / T e s t Material 3
Swine B i o a v a i l a b i l i t y / T e s t Material 3
Swine B i o a v a i l a b i l i t y / T e s t Material 4
Swine B i o a v a i l a b i l i t y / T e s t Material 4
Swine B i o a v a i l a b i l i t y / T e s t Material 4
Swine B i o a v a i l a b i l i t y / T e s t Material 5
Swine B i o a v a i l a b i l i t y / T e s t Material 5
Swine B i o a v a i l a b i l i t y / T e s t Material 5
Swine B i o a v a i l a b H i t y / T e s t Material 6
Swine B i o a v a i l a b i l i t y / T e s t Material 6
Swine B i o a v a i l a b i l i t y / T e s t Material 6
S o i l S p i k e s / P E S a m p l e s
S o i l S p i k e s / P E S a m p l e s
S o i l S p i k e s / P E S a m p l e s
S o i l S p i k e s / P E S a m p l e s
S o i l S p i k e s / P E S a m p l e s
S o i l S p i k e s / P E S a m p l e s
S o i l S p i k e s / P E S a m p l e s
S o i l S p i k e s / P E S a m p l e s
S o i l S p i k e s / P E S a m p l e s
S o i l S p i k e s / P E S a m p l e s
S o i l S p i k e s / P E S a m p l e s
S o i l S p i k e s / P E S a m p l e s

Original As Concentration ( p p m )
I C P
33

420

224

310

113

70

289.5

856

342.5

756

329

459

-

-

--

XRF
43

497

226

422

153

106

313

1041

419

821

352

503

51

144

304

881

N A A Results
A s ( p p m )

40
41
42

495
471
442
241
227
215
422
409
423
151
150
156
117
134
112
332
320
331
1010
1090
1060
403
412
409
825
878
882
419
416
434
622
547
589
50
49
50
174
189
194
375
400
397
979
1020
1090

Mean
41

469

228

418

152

121

328

1053

408

862

423

586

50

186

391

1030

S t d e v
1.0

26.5

13.0

7.8

3.2

11.5

6.7

40.4

4.6

31.8

9.6

37.6

0.6

10.4

13.7

56.1

N A A v s I C P v s X R F R e s u l t s . x l s : R e s u l t s



F i g u r e 1: N e u t r o n A c t i v a t i o n A n a l y s i s (NAA) VS PE N o m i n a l V a l u e s
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F i g u r e 2: I n d u c t i v e l y C o u p l e d Argon Pla sma (ICP) VS NAA
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Figure 4: Average PE Results for XRF VS ICP
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Data Quality Assessment

Phase I I I A S a m p l i n g Program



D A T A Q U A L I T Y A S S E S S M E N T
P H A S E I I I A S A M P L I N G PROGRAM

V A S Q U E Z B O U L E V A R D A N D 1 - 7 0 R E M E D I A L I N V E S T I G A T I O N

F I N A L
JULY 21, 2000

LWcs
'^LPK0^

Prepared/or
U.S. Environmental Protec t ion Agency

Region V I I I

W a s h i n g t o n G r o u p I n t e r n a t i o n a l , I n c .
10822 West T o l l e r Drive

L i t t l e t o n , C o l o r a d o 80127
Federal Projects Division

Response Action Contract No. 68-W7-0039
Work Assignment 004-RICO-089R
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1.0 O V E R V I E W
Chemical analys i s of the Vasquez B o u l e v a r d / I n t e r s t a t e 70 (VB/I-70) Phase HIA site
characterization sample s was conducted under a comprehensive q u a l i t y assurance program. The
program included requirements for the c o l l e c t i on , preparat ion, and analys i s of qua l i ty control
sample s , as s p e c i f i e d in the Projec t Plan for the Vasquez Boulevard & 1-70 S i t e , Phase HI F i e l d
I n v e s t i g a t i o n (ISSI, 08/04/99), S e c t i o n 4.0 Qual i ty Assurance Pro j e c t Plan (QAPP), and related
Standard Operating Procedures for sample col l ec t ion, preparation and analysis .
An assessment of the data qual i ty was performed da i ly throughout the program to v er i fy
compliance with the qual i ty control criteria and to i d e n t i f y necessary corrective actions. An
assessment of all Phase EDLA data, inc luding residential surface s o i l , garden soi l , garden
vegetables and indoor dust, has been performed to veri fy that the data set is consistent with and
meets the data qua l i ty ob j e c t ive s i d e n t i f i e d in the QAPP. The data qua l i ty assessment is
presented in terms of the precision, accuracy, representativenes s , comparab i l i ty , and
comple t ene s s of the data. The resul t s document that the data are usable for their intended
purpo s e of i d e n t i f y i n g average surface soil concentrations and s u p p o r t i n g the Baseline Risk
Asses sment.
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2 . 0 S O I L S A M P L E D A T A Q U A L I T Y
S o i l sample s were c o l l e c t ed from residential yards, vegetable gardens, s choo l s , and one park. All
soil sample s were prepared in the f i e l d laboratory by homogenizing the sample , drying a port ion
of the sample, sieving the sample through a #10 sieve, and then grinding a portion of the sieved,
bulk fract ion. The ground sample was analyzed at the f i e l d laboratory using a QuanX Energy
Disper s ive X-Ray Fluore s c ence Spec t rome t er (XRF). A percentage of sample s were s p l i t and
also submitted for o f f - s i t e laboratory analysis.
Quality control sample result s for so i l s analyzed by XRF are charted in F i g u r e s 1 through 17.
T a b l e 1 summarizes the number of soil f i e l d samples and each type of quality control sample.
2.1 Precision
Precision measures the r eproduc i b i l i ty of values under a given set of conditions. Precision was
measured in Phase IELA so i l s through preparation and analys i s of laboratory d u p l i c a t e s and bl ind
s p l i t samples.
2.1.1 Laboratory Dupl i ca t e s
Laboratory dupl i ca t e s were prepared and analyzed at a frequency of one for every twenty f i e l d
sample s . Laboratory d u p l i c a t e s were i d e n t i f i a b l e to the analyst so that the d u p l i c a t e and original
f i e l d sample re sul t s could be reviewed immedia t e ly f o l l o w i n g analysi s . The r e su l t s of the
laboratory dup l i ca t e s are presented in Figures 1 through 4. Duplicate s met the quality control
criteria of less than 25% relat ive percent d i f f e r e n c e between the original sampl e and its d u p l i c a t e ,
or les s than one method de t e c t i on l imit (MDL) for sampl e s with concentrations l e s s than f i v e
times the MDL, in all but four samples for arsenic and three samples for lead. The results for
sample s associated with the preparat ion of these seven d u p l i c a t e s exceeding the precision criteria
were q u a l i f i e d as estimated. Overall correlation of original sample s versus d u p l i c a t e s was very
good.
2.1.2 Blind S p l i t s
Blind s p l i t samples were prepared at the same frequency and in the same manner as laboratory
d u p l i c a t e s , but were assigned a unique sample i d e n t i f i c a t i o n number and submitted bl ind to the
analyst such that it could not be d i s t ingui shed from other f i e l d samples . The result s of the blind
s p l i t s are presented in Figure s 5 through 8. Blind s p l i t s met the qual i ty control criteria of less
than 25% relative percent d i f f e r e n c e between the original sample and its s p l i t , or les s than one
MDL for sampl e s with concentrations les s than f i v e times the MDL, in all but f i v e samples for
arsenic and three samples for lead. The re sul t s for samples associated with the preparation of
these eight b l ind s p l i t s exceeding the precis ion criteria were q u a l i f i e d as e s t imated. Overall
correlation of original samples versus blind s p l i t s was very good.
2.2 Accuracy
Accuracy measures the bias from the true value in a measurement system. Analy t i ca l accuracy
was evaluated in s o i l s through determination of the arsenic and lead MDLs, instrument
cal ibrat ion using c e r t i f i e d standard reference material s (SRM), and ana ly s i s of b l ind s tandards.
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2.2.1 Method Detection Limit S t u d y
The MDL is the lowest concentration of a substance that can be measured and reported with a
99% conf idence that the analyte is present. Instrument- and m a t r i x - s p e c i f i c MDLs were
determined in Phase niA for arsenic and lead. MDL studies were conducted prior to XRF
analysis of f i e l d s ampl e s , and p e r i o d i c a l l y throughout the program. Seven al iquots each of 27
sample s were analyzed throughout Phase ffiA, and provisional MDLs were calculated equal to
three times the standard deviation of each set of seven values. The f i n a l Phase ULA MDLs were
ca l cu la t ed as three times the poo l ed variance of the MDL test result s . The Practical Quanti tat ion
Limit (PQL) is the lowest concentration that can be r e l iab ly achieved within s p e c i f i e d l imi t s of
precision and accuracy during routine laboratory operat ing conditions. The PQLs for arsenic and
lead were calcu la t ed as ten times the pooled variance of the MDL test result s . Value s reported
between the MDL and PQL are considered est imated concentrations.

Analyt e
Arsenic
Lead

MDL
( m g / k g )

11
52

PQL
( m g / k g )

36
173

2.2.2 Instrument Calibration
A n a l y t i c a l accuracy was achieved through XRF instrument calibration and re-standardization,
s upp l ement ed with:
• D a i l y energy calibration check
• Daily initial calibration veri f icat ion through analysis of three or more SRMs with cer t i f i ed

concentrations provided by the N a t i o n a l I n s t i t u t e o f S t a n d a r d s and T e c h n o l o g y (NIST)
• Cont inuing calibration v er i f i ca t i on by analysi s of one SRM with each analytical batch
The NIST SRM results are presented in Figures 9 through 12. If a NIST standard exceeded the
control l imi t , then data for sample s analyzed with that standard were re jec ted and the analytical
batch was re-analyzed. A small number of NIST 2704 and NIST 2709 standards shown in F i g u r e
9 exceed the f i n a l criteria because the criteria at the time of analys i s was based on p l u s or minus
one MDL, and the provisional arsenic MDL of 12 m g / k g was in use.
2.2.3 Blind S t a n d a r d s
Accuracy also was measured by submi t t ing bl ind s tandards for analysi s . T h e s e s tandards were
contained and labeled in the same manner as f i e l d samples, and therefore the analyst could not
i d e n t i f y them as qual i ty control standards. Nominal values for six lo t s (Lots A - F) were
e s tab l i shed through m u l t i p l e analyses of sub sample s from the lot. A s l i g h t l y higher degree of
var iab i l i ty is expected for the bl ind s tandards as compared to the NIST standards used in the
calibration verif ication because the blind standards prepared for this program did not have
c e r t i f i e d concentrations and the matrix was more variable. The b l ind standards result s are
presented in F i g u r e s 13 through 16.
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2.3 Representativeness
Representativeness expresses the degree to which sample data accurately and pre c i s e ly represent
a characteris t ic or condit ion, and is achieved through proper de s ign of a s a m p l i n g program.
Representativeness of soil samples has been assessed through preparation and analysi s of b lanks,
comparison of f i e l d dup l i ca t e s , and intra-sample variabili ty tests.
2.3.1 Instrument and Method Blanks
Instrument blanks cons i s t ing of clean sand were run with each analytical batch. Method blanks
consis ted of clean sand that was processed through the entire laboratory preparation and
analyt i ca l procedures on a d a i l y basis. Instrument and method blank re sul t s all were below the
MDLs and demonstrate that cross contamination did not occur between sample s within the f i e l d
laboratory.
2.3.2 Rinse Blanks
Rinse blanks were prepared by rinsing decontaminated soil s a m p l i n g equipment (augers, trowels ,
and bowl s) with deionized water and co l l e c t ing the rinsate for analysis. Rinse blanks were
c o l l e c t ed at a frequency of 3.5% of the f i e l d s a m p l e s , which is le s s than the 5% (one for every
twenty f i e l d s a m p l e s ) stated in the QAPP. However, neither arsenic nor lead were reported
present in any of the 174 rinse blanks c o l l e c t e d , which demonstrates e f f e c t i v e decontamination of
soil sampl ing equipment.
2.3.3 F i e l d Dupl i ca t e s
Three f i e l d d u p l i c a t e s were c o l l e c t ed for the garden soil sample s and eleven f i e l d d u p l i c a t e s were
co l l e c t ed f rom schoolyard samples . In garden so i l s , two of the arsenic and all three pairs of lead
values were greater than the MDL. The relat ive percent d i f f e r e n c e s between the original f i e l d
s ampl e and its d u p l i c a t e for lead were 0%, 1% and 41%. The relative percent d i f f e r e n c e s for
arsenic were les s than one MDL and 52%. The re su l t s associated with the original and d u p l i c a t e
sampl e s that exceed the control criteria of 25% were q u a l i f i e d as e s t imated.
In schoolyard sample s , ten of the eleven arsenic concentrations were below the MDL and the
single reported value exhibited a relative percent d i f f e r e n c e of 42%; the arsenic values for this
sample and its f i e l d d u p l i c a t e were q u a l i f i e d as e s t imated. Ten of the eleven sample s contained
lead at l e s s than f i v e times the MDL and met the criteria of l e s s than one MDL d i f f e r e n c e
between the original f i e l d sample and its dup l i ca t e . One sample was sub j e c t to relative percent
d i f f e r e n c e criteria for lead and met the criteria at 14%.
2.3.4 V a r i a b i l i t y T e s t s
I n t r a - s a m p l e var iab i l i ty t e s t s were performed to v e r i f y that homogenization of the compos i t e
sampl e was s u f f i c i e n t to reduce variabi l i ty, which ensures that the por t ion that is prepared and
analyzed is representat ive of the composi te (and there fore representative of the proper ty).
V a r i a b i l i t y t e s t s involved c o l l e c t i n g and s eparat e ly preparing seven al iquot s of the homogenized
compos i t e sample . T e s t were per formed on ten samples. For concentrations that were greater
than the MDL, all test s ampl e s exhib i t ed a percent relative standard dev ia t ion of le s s than 25%.
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2.4 C o m p a r a b i l i t y
C o m p a r a b i l i t y is a qua l i ta t iv e parameter expre s s ing the c o n f i d e n c e with which one data set can
be compared to another. Comparabi l i ty was evaluated during Phase IDA through preparation and
analys i s of conf irmat ion soil samples.
2.4.1 Conf irmat ion S a m p l e s
A percentage of the samples were s p l i t and prepared as confirmation sample s . I n i t i a l l y , one
conf irmat ion sample was prepared for every three f i e l d sample s , and a f t e r initial result s were
reviewed, the frequency was reduced to one in ten f i e l d samples . The conf irmat ion samples were
submitted to an o f f - s i t e , f i x e d laboratory for analysis by EPA Method 601 OB, I n d u c t i v e l y
C o u p l e d Plasma Atomic Emission S p e c t r o s c o p y (ICP). Resul t s f or blind standards submitted
along with the conf irmat ion sample s are presented in Figure s 13 through 16.
A portion of the conf irmation sample results were q u a l i f i e d as estimated based on the
l a b o r a t o r y ' s qual i ty control data. However, no major anomalies were i d e n t i f i e d and no data were
re j e c t ed . The comparison of XRF versus ICP resul t s are presented in F i g u r e 17. The resul t s
exhibit a h igh degree of correlation, with the exception of two ICP lead concentrations reported
greater than 1400 mg/kg. The correlation c o e f f i c i e n t e x c lud ing these two outliers is 0.9. The
conf irmat ion sample data document that the XRF result s are general ly comparable to those f r om
ICP analysi s .
2.5 Comple t ene s s
Compl e t ene s s is a measure of the percent of useable data generated as compared to the data
required and co l l e c t ed . S u r f a c e soil sample s were co l l e c t ed from 1550 res idential p r o p e r t i e s ,
which is 100% of the propert i e s for which yards were p h y s i c a l l y accessible, and 98% of the
proper t i e s for which written consent for access was received. Useable data were produced for
100% of the samples collected. These achievements are consist with the projec t completeness
goals of s a m p l i n g 100% of proper t i e s granting access, and produc ing useable data for greater
than 90% of the data generated.
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3.0 D U S T S A M P L E DATA QUALITY
Dust sampl e s were c o l l e c t e d from indoor f l o o r i n g surface s using a high volume vacuum sampler.
Candidat e homes were i d e n t i f i e d based on a s t r a t i f i e d random analysis and resident consent for
interior access. One composi te dust sample per home was co l l e c t ed from each of 76 homes.
Dust sample s were prepared and analyzed at an o f f - s i t e , f i x e d laboratory by ICP using EPA
Method 6010B.
3.1 Precision
Matrix spike d u p l i c a t e s and laboratory control sample dup l i ca t e s were analyzed to measure
precision of dust sample analyses.
3.1.1 Matrix S p i k e Dupl i ca t e s
Matrix spike d u p l i c a t e s were prepared and analyzed at the required frequency of one per batch.
The relative percent d i f f e r e n c e between the original matrix spike sample and its dupl i ca t e ranged
from 0% to 2% for arsenic and 1% to 3% for lead, which meets the criteria of less than 25%
relative percent d i f f e r e n c e .
3.1.2 Laboratory Control S a m p l e Dupl icate s
Laboratory control sample dup l i ca t e s were prepared and analyzed at the required frequency of
one per batch. The relat ive percent d i f f e r e n c e between the original laboratory control sample and
its d u p l i c a t e ranged from 0% to 1% for arsenic and 0% to 2% for l ead , which meets the criteria
of less than 25% relative percent d i f f e r enc e .
3.2 Accuracy
The accuracy of the dust sample results was veri f ied through the initial and continuing
calibrations, matrix sp ike sample s , laboratory control sample s , interference check sample s , and
blind standards.
3.2.1 Instrument Cal ibra t i on
Init ia l calibration veri f icat ion demonstrates that the instrument is capable of acceptable
performance at the beginning of the analyt i ca l run, whi le continuing calibration v er i f i ca t i on
demonstrates that the ini t ial calibration remains val id. I n i t i a l and continuing calibration
ver i f i ca t i on s met the qual i ty control criteria for percent recovery of 90-110% of the c er t i f i ed
standard concentration, ranging f rom 97% to 103%. The ini t ial cal ibration v er i f i ca t i on s were
analyzed at the beginning of each analytical run. The continuing calibration ver i f i ca t ions were
analyzed every ten samples .
3.2.2 Matrix S p i k e s
Matrix sp ike s are prepared by adding a known concentration of one or more analytes to a f i e l d
sample , and is des igned to provide in format ion about the e f f e c t of each sample matrix on the
sample preparat ion procedures and the measurement methodology. All matrix spikes met the
q u a l i t y control criteria for percent recovery of 75-125%. Recoveries ranged f r om 97% to 102%
for arsenic and 68% to 111% for lead (the 68% recovery did not result in data q u a l i f i c a t i o n
because the spike concentration was less than f o u r times the sample concentration). Matrix
spike s were analyzed at a frequency of one per batch.
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3.2.3 Laboratory Control Sampl e s
The laboratory control sample serves as a monitor of the overall performance of each s t ep during
the analysis, including the sample preparation. Laboratory control samples were analyzed at the
proper frequency and met the acceptance criteria for percent recovery of 80-120%, ranging from
100% to 104% for arsenic and 94% to 99% for lead.
3.2.4 Inter f er ence Check S a m p l e s
Inter f erence check sample s ver i fy the l a b o r a t o r y ' s inter-element and background correction
f a c t or s . The interference check sample was analyzed at the beginning and end of each analytical
run. The percent recovery re su l t s were within the qua l i ty control l i m i t s of 80-120%, ranging
from 96% to 103% for arsenic and 87% to 94% for lead.
3.2.5 Blind S t a n d a r d s
Four al iquot s each of f our sample s were prepared and sent to two separate laboratories to
determine the nominal concentration of each sample. The nominal concentration was determined
by averaging the eight reported values for arsenic and for lead. T h i r t y b l ind standards were then
submitted for analys i s along with the f i e l d dust samples. The re sul t s of blind s tandards analyses
are presented in Figures 18 and 19.
3.3 Representativeness
Representativeness of dust sample s has been assessed through instrument b lanks , method blanks,
and rinse blanks.
3.3.1 Instrument and Method Blanks
None of the initial or continuing calibration blanks contained arsenic or lead above the report ing
limit . The ini t ia l calibration blank was analyzed at the beginning of each analytical run and
continuing cal ibrat ion blanks were analyzed a f t er every ten sample s . One method blank was
analyzed per batch. Method blanks also were free from contamination, ind i ca t ing that laboratory
contamination did not occur.
3.3.2 Rinse Blanks
Rinse blanks were co l l e c t ed at the s p e c i f i e d frequency of 5% (one for every twenty f i e l d s a m p l e s )
by rinsing the interior surfaces of the decontaminated vacuum sampler that contact the dust
sample with deionized water and containing the rinsate. The rinse blanks were free f rom
contamination, which demonstrates that proper decontamination was performed to reduce the
p o s s i b i l i t y of cross contamination.
3.4 Comple t ene s s
Comple t ene s s is expressed as the percent of usable data as compared to the data col lec ted.
Unuseable data are those re su l t s reported by the laboratory but r e j e c t ed during the data v a l i d a t i o n
p r o c e ' s s . Obj e c t iv e s for dust s a m p l i n g included c o l l e c t ing between 60 and 90 sample s . The
desired quanti ty was achieved and 100% percent of the dust data are useable.
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4 . 0 V E G E T A B L E S A M P L E D A T A Q U A L I T Y
Properties where gardens had been documented and that s t i l l had vegetables available in October
were sampled for vegetables prior to hard f r o s t . A total of 72 vegetable sample s were co l l e c t ed
from 19 gardens. Vege tab l e s were prepared and analyzed at an o f f - s i t e , f i x e d laboratory by ICP-
MS using EPA Method 6020.
4.1 Precision
Matrix spike d u p l i c a t e s were analyzed to measure precision of vegetable sample analyses.
4.1.1 Matrix S p i k e Duplicate s
Matrix spike d u p l i c a t e s were prepared and analyzed at the required frequency of one per batch.
The relative percent d i f f e r e n c e between the original matrix spike sample and its dup l i ca t e ranged
from 1% to 5% for arsenic and 1% to 4% for l ead, which meets the criteria of less than 25%
relative percent d i f f e r e n c e .
4.2 Accuracy
The accuracy of the dust sample results was ver i f i ed through the initial and continuing
ca l ibra t ions , matrix spike and post d ige s t i on spike recoveries, interference check sampl e s ,
laboratory control samples, an MDL study, and blind standards.
4.2.1 Instrument Calibrat ion
Init ia l and continuing calibration ver i f i ca t ions met the qual i ty control criteria for percent recovery
of 90-110%, ranging from 97% to 103%. The initial calibration veri f i cat ions were analyzed at
the beginning of each analytical run. The continuing calibration ver i f i ca t ion was analyzed every
ten samples.
4.2.2 Matrix S p i k e s
All matrix spikes and post d ig e s t i on spikes met the qua l i ty control criteria for percent recovery of
75-125% and frequency criteria of one per batch, ranging from 103% to 112% for arsenic and
87% to 98% for lead.
4.2.3 Inter f er ence Check S a m p l e s
Interference check samples were analyzed at the beginning and end of each analytical run. The
interference check sample percent recovery resul t s were within the q u a l i t y control l i m i t s of 80-
120% at 99% to 101% for arsenic (lead was below the MDL).
4.2.4 Laboratory Control S a m p l e s
All laboratory control sample s met the qual i ty control criteria e s tab l i shed for the standard
reference materials used, ranging from 73% to 107% for arsenic and 88% to 98% for lead.
4.2.5 Method Detection Limit S t u d y
Seven al iquot s of one sample (NIST SRM 1570, spinach leaves) were prepared and analyzed
ind iv idua l ly . The SRM cert i f i ed value for arsenic is 0.068 m g / k g ( p l u s or minus 0.012 m g / k g )
and the unc er t i f i ed value for lead is 0.2 mg/kg . Resul t s of seven analyses of the SRM exhibi ted a
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low standard deviation (le s s than 0.012) for both analyte s , which documented that the targeted
method de t e c t i on l imit of 0.05 m g / k g was achieved.
4.2.6 Blind S t a n d a r d s
NIST SRM 1570 was used to prepare blind standards submitted to the laboratory along with the
vegetable sample s . Measured concentrations ranged from 74% to 162% of the c e r t i f i ed value for
arsenic and were 80% of the non-certified value for lead. The SRM arsenic and lead
concentrations are near the MDL and less than the PQL, and there fore reported values in this
range are considered es t imated.
4.3 Representativeness
Representativeness has been assessed through instrument blanks and method blanks.
4.3.1 Instrument and Method Blanks
None of the initial or continuing calibration blanks contained arsenic or lead above the report ing
limit. The initial calibration blank was analyzed at the beginning of each analytical run and
continuing calibration blanks were analyzed a f t e r every ten sample s . The method blanks were
analyzed at the correct frequency of one per batch. Method blanks also were free from
contamination, indicating that laboratory contamination did not occur.
4.4 Comple t ene s s
No vegetable sample results were rejected upon val idat ion of the data, and therefore 100%
percent of the vegetable data are useable.
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5 . 0 PROPERTY S O I L D I S T R I B U T I O N A L A N A L Y S I S
In the ^Project Plan for the Vasquez Boulevard & 1-70 S i t e , Denver Colorado, Phase III F i e l d
I n v e s t i g a t i o n " (ISSI, 8 / 4 / 9 9 ) , A p p e n d i x D "Screening Level Evaluat ion o f Risks f rom Acute and
Subchronic Exposure to Arsenic in S o i l " sets f o r t h a three-tiered decis ion rule that the s a m p l i n g
resul t s f rom a residential proper ty must pas s in order for the proper ty to be considered below
acceptable risk l eve l s . The s e are:
1) 95% upper c o n f i d e n c e l imit ( U C L ) of three compos i t e s < RBCchronic
2) Maximum composi te value < M T C V a c u t e
3) Maximum composite value < M T C V s u b c h r o n i c
A key as sumption for test number one is that the data are normal ly d i s t r i bu t ed . Whereas
s t a t i s t i ca l t e s t s (USEPA, DataQuest s o f t w a r e ) are avai lab l e to determine whether sample data can
be considered normal ly d i s t r i bu t ed , it is d i f f i c u l t to determine accurately whether three ind iv idua l
sampl e s are in f a c t normally d i s t r ibu t ed . Given t h i s , the f i e l d s ampl ing program used a
compos i t e s a m p l i n g design. The compos i t e design was implemented in an attempt to ensure
normal data from each residential proper ty .
Monte Carlo s imulat ions were run to determine an economical ly reasonable and s c i e n t i f i c a l l y
re l iab l e number of sample s that should be combined into a s i n g l e compos i t e sample (ISSI,
8 / 4 / 9 9 ) . As a result of the s imulat ion exercise, it was^decided that ten sample s would be
combined to form a compos i t e sample .
One of the early steps in the Data Quali ty Assessment process is to determine if sample data can
be considered normal so that a UCL on the mean can be ca l cu la t ed using normal s ta t i s t i c s .
T r a d i t i o n a l quant i ta t ive t e s t s for normali ty are not appropria t e due to a pauc i ty of data; there fore ,
other q u a l i t a t i v e evaluations were performed to assess the assumption of normality.
If the f i e l d data f r om the sampled re s ident ia l proper t i e s are to be considered normal, they should
exhibit certain s t a t i s t i c a l characteristics. Among these include:
1) The c o e f f i c i e n t of variation (CV) for the sample data general ly should be in the range of the

test data;
2) The CV should be below 1.0; and,
3) The maximum concentration observed at a re s ident ial proper ty should not exceed the mean

p l u s two standard deviat ions at more than 5% of the proper t i e s .
To test s t a t i s t i c a l characteris t ic number one, the CVs from 901 proper t i e s were ca l cu la t ed and
compared to the CVs in the s imulated data, which ranged from 0.16 to 0.37 with associated
means ranging f r o m a p p r o x i m a t e l y 50 m g / k g to 500 m g / k g . The CVs from the sampled
proper t i e s with sample concentrations above the method detection limit generally f e l l within this
range.
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For s t a t i s t i c a l characteristic number two, if a CV exceeds 1.0, the data are g enera l ly considered
to be non-normally distributed ( U S E P A 1996, Guidance for Data Quality Assessment, Q A / G - 9 ) .
A total of 25 residential proper t i e s exhibited CVs in excess of 1.0. T h i s is a p p r o x i m a t e l y les s
than 2% of the res idential proper t i e s and is a t tr ibutable to concentrations either near the MDL or
re la t iv e ly high as compared to the proposed risk-based action levels .
To test s ta t i s t i ca l characteristic number three, the maximum concentration at each residential
proper ty was compared to the mean p l u s two standard deviations. No maximum sample
concentration at any of the 901 residential proper t i e s examined exceeded the mean p l u s two
standard deviations. T h i s provides an indication that the data from the residential properties do
not v io la t e the normality as sumption.
In summary, the s ta t i s t i ca l characteristics of the sample data co l l e c t ed from the residential
propert i e s provide strong evidence that the sample data are normally di s tr ibuted. Exc ep t i on s are
restricted to very low and high concentrations, which should not impair decision making with
regard to risk management.
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T a b l e 1
P H A S E I I I A S O I L S A M P L I N G

A N A L Y T I C A L PROGRAM S U M M A R Y

S A M P L E T Y P E
F i e l d S a m p l e s
Blind Dupl i ca t e s
Lab Duplicate s
Blind Standards
Lab Control S a m p l e (SRM)
Instrument Blanks
Method Blanks
MDL S t u d y S a m p l e s
Prof i c i ency S a m p l e s
Variabi l i ty Tes t S a m p l e s
Other T e s t S a m p l e s
O f f - S i t e Conf irmat ion S a m p l e s

T O T A L S A M P L E S

T O T A L
5207

254
264

90
961
415

90
27
92
72

118
751

8341
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_ô
| 20-
0)
§ 1 5 -0

10-

5 -
7

30 i
28
2 6 -

o> 24-
>̂S 22 •
| 20-2•i IBr. T>"Q>
o 16-O

14-
12-
10-

7

F i g u r e 9
Q u a l i t y C o n t r o l S t a n d a r d s

A r s e n i c
N I S T 2 7 0 4

_ _ _ _ _ _ _ _ _ ^ __ _ _> *_ _ __ . 34 ppm

* * J * *»; +.*.*'• s *** 4<"*TvCH *
4 f t * * A i * *.** ** 4 ^** *a. * ^ r *»«L .̂ * * * » » ^^ ĵ r ^ ^^ *̂*«» * i* W »
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1.0 OVERVIEW
Chemical analysis of the Vasquez Boulevard/Inter s ta t e 70 (VB/I-70) Phase IIIB site
characterization samples was conducted under a comprehensive qua l i ty assurance program. The
program included requirements for the c o l l e c t i on , preparat ion, and analysi s of qual i ty control
s ampl e s , as s p e c i f i e d in the Projec t Plan for the Vasquez Boulevard & 1-70 S i t e , Phase III F i e l d
I n v e s t i g a t i o n (ISSI, 08/04/99), Sec t i on 4.0 Quali ty Assurance Projec t Plan ( Q A P P ) , and related
Standard Operating Procedures for sample collection, preparation and analysis.
An assessment of the data quality was performed dai ly throughout the program to veri fy
compliance with the q u a l i t y control criteria and to i d e n t i f y necessary corrective actions. An
assessment of the Phase IIIB residential surface soil data has been performed to ver i fy that the
data set is consistent with and meets the data qual i ty ob j e c t ive s i d e n t i f i e d in the QAPP. The data
quali ty assessment is presented in terms of the precision, accuracy, representativeness,
comparability, and completeness of the data. The results document that the data are usable for
their intended purpose of i d e n t i f y i n g average surface soil concentrations and suppor t ing the
Baseline Risk Assessment.
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2 . 0 S O I L S A M P L E D A T A Q U A L I T Y .
S o i l s ampl e s were c o l l e c t e d f r om re s ident ial yards, f o u r s choo l s , and s ix parks. All soil s a m p l e s
were prepared in the f i e l d laboratory by homogeniz ing the sampl e , drying a port ion of the
s ampl e , s ieving the s ampl e through a #10 sieve, and then g r i n d i n g a portion of the sieved, bulk
f r a c t i o n . The ground s a m p l e was analyzed at the f i e l d laboratory using a QuanX Energy
Disper s ive X-Ray Fluore s c ence Spec t rome t e r (XRF). A percentage of s a m p l e s were s p l i t and
also submitted for o f f - s i t e laboratory analysis.
Q u a l i t y control sample r e su l t s for so i l s analyzed by XRF are charted in F i g u r e s 1 through 17.
T a b l e 1 summarizes the number of soil f i e l d s ampl e s and each t y p e of q u a l i t y control sample.
2.1 Precision
Precision measures the r e p r o d u c i b i l i t y of values under a given set of conditions. Precision was
measured in Phase IIIB soi l s through preparat ion and analys i s of laboratory d u p l i c a t e s and blind
s p l i t samples.
2.1.1 Laboratory Dupl i ca t e s
Laboratory d u p l i c a t e s were prepared and analyzed at a f r equency of one for every twenty f i e l d
samples . Laboratory d u p l i c a t e s were i d e n t i f i a b l e to the analyst so that the d u p l i c a t e and original
f i e l d sample r e su l t s could be reviewed immedia t e ly f o l l o w i n g analysi s . The resul t s of the
laboratory d u p l i c a t e s are presented in F i g u r e s 1 through 4. D u p l i c a t e s met the qual i ty control
criteria of less than 25% relat ive percent d i f f e r e n c e between the original sample and its d u p l i c a t e ,
or les s than one method de t e c t i on limit (MDL) for sample s with concentrations les s than f i v e
times the MDL, in all but seven sample s for arsenic and three sample s for lead. The result s for
sample s associated with the preparat ion of these ten d u p l i c a t e s exceeding the precision criteria
were q u a l i f i e d as e s t imated. Overall correlation of original s ampl e s versus d u p l i c a t e s was very
good.
2.1.2 Blind S p l i t s
Blind s p l i t sample s were prepared at the same frequency and in the same manner as laboratory
d u p l i c a t e s , but were assigned a unique sample i d e n t i f i c a t i o n number and submitted blind to the
analyst such that it could not be d i s t i n g u i s h e d f rom other f i e l d samples. The re sul t s of the b l ind
s p l i t s are presented in F i g u r e s 5 through 8. Blind s p l i t s met the q u a l i t y control criteria of le s s
than 25% relative percent d i f f e r e n c e between the original s ampl e and its s p l i t , or les s than one
MDL for sample s with concentrations l e s s than f i v e times the MDL, in all but thirteen sample s
for arsenic and f i v e s a m p l e s for lead. The r e su l t s for s a m p l e s associated with the preparat ion of
these e ighteen b l ind s p l i t s exceeding the prec i s ion criteria were q u a l i f i e d as e s t imated. Overall
correlat ion of original s a m p l e s versus b l i n d s p l i t s was very good.
2.2 Accuracy
Accuracy measures the bias f rom the true value in a measurement system. A n a l y t i c a l accuracy
was evaluated in s o i l s through de t erminat ion of the arsenic and lead M D L s , instrument
c a l i b r a t i o n us ing c e r t i f i e d s tandard reference mat er ia l s (SRM), and a n a l y s i s o f b l ind s t andard s .
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2.3 Representat ivenes s
Representat ivene s s expres se s the degree to which sampl e data accurately and pr e c i s e ly represent
a characteris t ic or c o n d i t i o n , and is achieved through proper de s ign of a s a m p l i n g program.
Representativeness of soil samples has been assessed through preparation and analysis of blanks,
comparison of f i e l d d u p l i c a t e s , and in tra- sampl e var iab i l i ty t e s t s .
2.3.1 Ins trument and Method Blanks
Instrument blanks ( F i g u r e 19) cons i s t ing of clean sand were run with each analyt i cal batch.
Method blanks ( F i g u r e 20) consisted of clean sand that was processed through the entire
laboratory preparat ion and analyt i ca l procedures on a d a i l y basis. Ins trument and method blank
re su l t s all were below the MDLs and demonstrate that cross contamination did not occur between
sample s within the f i e l d laboratory.
2.3.2 Rinse Blanks
Rinse blanks were prepared by rinsing decontaminated soil s a m p l i n g equipment (augers, trowels ,
and bow l s) with deionized water and c o l l e c t i n g the rinsate for analysi s . Rinse blanks were
co l l e c t ed at a frequency of 7.3% of the f i e l d sample s , which is more than the 5% (one for every
twenty f i e l d s a m p l e s ) stated in the QAPP. Lead was reported above 0.01 mg/L in two rinse
blanks , and both lead and arsenic were reported above 0.01 mg/L in two rinse blanks. The
re sul t s demonstrate overall e f f e c t i v e decontamination of soil s a m p l i n g equipment. S a m p l e
results associated with these four rinse blanks were qual i f i ed as estimated (B).
2.3.3 V a r i a b i l i t y T e s t s
I n t r a - s a m p l e variab i l i ty t e s t s were performed to ver i fy that homogenization of the composite
sample was s u f f i c i e n t to reduce var iab i l i ty , which ensures that the port ion that is prepared and
analyzed is representat ive of the composi te (and therefore representative of the proper ty).
V a r i a b i l i t y t e s t s involved c o l l e c t i n g and s epara t e ly preparing three or seven aliquots of the
homogenized compos i t e sample. T e s t s were performed on six sample s , where seven al iquot s
were prepared for three sample s and three a l iquo t s were prepared for the other three samples.
For concentrations that were greater than the MDL, all test sample s exhibi ted a percent relative
standard deviation of less than 25%.
2.4 C o m p a r a b i l i t y
C o m p a r a b i l i t y is a q u a l i t a t i v e parameter expre s s ing the c o n f i d e n c e with which one data set can
be compared to another. C o m p a r a b i l i t y was evaluated during Phase IIIB through preparation and
a n a l y s i s of c on f i rmat i on soil samples.
2.4.1 Confirmation S a m p l e s
A percentage of the s a m p l e s were s p l i t and prepared as c on f i rmat i on sample s . One conf irmat ion
s a m p l e was prepared for every ten f i e l d sample s . The c o n f i r m a t i o n sampl e s were submitted to an
o f f - s i t e , f i x e d laboratory for ana ly s i s by EPA M e t h o d 6010B, I n d u c t i v e l y C o u p l e d Pla sma
A t o m i c Emission S p e c t r o s c o p y (ICP). R e s u l t s f or b l ind s tandards submitted a long with th e
c o n f i r m a t i o n sampl e s are presented in F i g u r e s 15 through 18.
A port ion of the c o n f i r m a t i o n sampl e r e su l t s were q u a l i f i e d as estimated based on the
l a b o r a t o r y ' s q u a l i t y control data. However, no ma jor anomalies were i d e n t i f i e d and no data were
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If the f i e l d data f rom the s a m p l e d r e s i d en t ia l proper t i e s are to be considered normal, they should
exhibit certain s t a t i s t i c a l characteris t ic s . Among these include:
4) The c o e f f i c i e n t of variation (CV) for the sample data g enera l ly should be in the range of the

test data;
5) The CV should be below 1.0; and,
6) The maximum concentration observed at a re s ident ia l proper ty should not exceed the mean

p l u s two standard dev ia t i on s at more than 5% of the properties .
To test s t a t i s t i c a l charac ter i s t i c number one, the CVs f r om 1456 propert i e s were calculated and
compared to the CVs in the s imulated data, which ranged from 0.16 to 0.37, with associated
means ranging from approx imat e ly 50 m g / k g to 500 mg/kg. The CVs for arsenic from the
s ampl ed proper t i e s with sampl e concentrations above the method detec t ion limit general ly f e l l
within this range. Less than 8% of the arsenic CVs exceeded the upper range of the s imulat ion
data (0.37).
For s ta t i s t i ca l characteristic number two, if a CV exceeds 1.0, the data are general ly considered to
be non-normally dis tributed (USEPA 1996, Guidance for Data Quality Assessment, Q A / G - 9 ) . A
total of 30 re s ident ia l proper t i e s exhibited CVs in excess of 1.0. T h i s is a p p r o x i m a t e l y 2% of the
re s ident ia l proper t i e s and is a t t r i bu tab l e to concentrations either near the MDL or r e la t iv e ly high
as compared to the proposed risk-based action levels.
To test s t a t i s t i c a l characteristic number three, the maximum concentration at each res idential
property was compared to the mean p lu s two standard deviations. No maximum sample
concentration at any of the 1456 re s ident ial proper t i e s examined exceeded the mean p l u s two
s tandard devia t ions . T h i s provides an indicat ion that the data from the res idential proper t i e s do
not violate the normality assumption.
In summary, the s t a t i s t i c a l characteristics of the sample data co l l e c t ed from the residential
proper t i e s provide strong evidence that the sample data are normally di s tributed. Exceptions are
restricted to very low and high concentrations, which should not impair decis ion making with
regard to risk management.

DQA_P3BO -6- November21,2000



T a b l e 1
P H A S E I I I B S O I L S A M P L I N G

A N A L Y T I C A L PROGRAM S U M M A R Y
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Blind Dupl i ca t e s
Lab D u p l i c a t e s
Blind S t a n d a r d s
Lab Control S a m p l e (SRM)
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1.0 O V E R V I E W -
Chemical ana ly s i s of the Vasquez B o u l e v a r d / I n t e r s t a t e 70 (VB/I-70) Phase IIIB grab soil s a m p l e s
was conducted under a comprehensive qual i ty assurance program. The program included
requirements for the co l l e c t ion, preparat ion, and analysi s of q u a l i t y control sample s , as s p e c i f i e d
in the Proj e c t Plan for the Vasquez Boulevard & 1-70 S i t e , Phase III F i e l d I n v e s t i g a t i o n (ISSI,
08/04/99), S e c t i o n 4.0 Qual i ty Assurance Pro j e c t Plan (QAPP), and related Standard Operat ing
Procedures for sample co l l e c t i on, preparat ion and analysi s .
An assessment of the data quality was performed d a i l y throughout the program to v e r i f y
compliance with the quality control criteria and to i d e n t i f y necessary corrective actions. An
assessment of the grab sample data has been per formed to v e r i f y that the data set is consis tent
with and meets the data qual i ty ob j e c t iv e s i d e n t i f i e d in the QAPP. The data qual i ty assessment is
presented in terms of the precision, accuracy, representativeness , comparabi l i ty, and
completeness of the data. The results document that the data are usable for their intended
purpo s e of i d e n t i f y i n g the range of soil concentrations at selected proper t i e s and s u p p o r t i n g the
Baseline Risk Asses sment.
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2 . 0 S O I L S A M P L E D A T A Q U A L I T Y -
S o i l sample s were co l l e c t ed f rom each of 119 re s ident ial yards, 5 s chool s , and 6 parks. T h i r t y or
f i f t e e n grab s a m p l e s were co l l e c t ed at each proper ty d e p e n d i n g on the size of the s a m p l a b l e area.
All soil sample s were prepared in the f i e l d laboratory by homogenizing the s ampl e , d r y i n g a
port ion of the s ampl e , sieving the sample through a #10 sieve, and then gr ind ing a port ion of the
sieved, bulk f rac t i on . The ground sample was analyzed at the f i e l d laboratory using a QuanX
Energy Dispers ive X-Ray Fluorescence Spec tromet er (XRF). A percentage of sample s were s p l i t
and also submitted for o f f - s i t e laboratory analysi s ,
Quality control sample results for soils analyzed by XRF are charted in Figure s 1 through 22.
T a b l e 1 summarizes the number of soil f i e l d samples and each t y p e of quality control sample.
2.1 Precision
Precision measures the r e p r o d u c i b i l i t y of values under a given set of condit ions . Precision was
measured in Phase IIIB soil s through preparat ion and analys i s of laboratory d u p l i c a t e s and blind
s p l i t samples .
2.1.1 Laboratory Duplicates
Laboratory dupl i ca t e s were prepared and analyzed at a frequency of one for every twenty f i e l d
samples. Laboratory dupl i ca t e s were i d e n t i f i a b l e to the analyst so that the d u p l i c a t e and original
f i e l d sample results could be reviewed immediately f o l l o w i n g analysis. The results of the
laboratory d u p l i c a t e s are presented in Figure s 1 through 4. Duplicate s met the quality control
criteria of les s than 25% relative percent d i f f e r e n c e between the original sample and its d u p l i c a t e ,
or les s than one method de t e c t ion limit (MDL) for sample s with concentrations le s s than f i v e
times the MDL, in all but six sampl e s for arsenic and one sample for lead. The re su l t s for
sampl e s associated with the prepara t i on of these seven d u p l i c a t e s exceeding the prec i s ion criteria
were q u a l i f i e d as es t imated. Overall correlation of original sample s versus d u p l i c a t e s was very
good.
2.1.2 Blind S p l i t s
Blind s p l i t samples were prepared at the same frequency and in the same manner as laboratory
dup l i ca t e s , but were assigned a unique sample i d en t i f i ca t i on number and submitted blind to the
analyst such that it could not be di s t ingui shed from other f i e l d samples. The results of the blind
s p l i t s are presented in F i g u r e s 5 through 8. Blind s p l i t s met the qual i ty control criteria of l e s s
than 25% relat ive percent d i f f e r e n c e between the original s a m p l e and its s p l i t , or l e s s than one
MDL for s a m p l e s with concentrations l e s s than f i v e times the MDL, in all but twelve s a m p l e s for
arsenic and one sample for lead. The r e su l t s for s ampl e s associated with the pr epara t i on of these
thir t een b l ind s p l i t s e x c e ed ing the pr e c i s i on criteria were q u a l i f i e d as e s t imated . Overall
correlation of original s ampl e s versus blind s p l i t s was very good.
2.2 Accuracy
Accuracy measures the bias f rom the true value in a measurement system. A n a l y t i c a l accuracy
was evaluated in soi l s through determination of the arsenic and lead M D L s , instrument
calibration using c e r t i f i e d s tandard re f erence mat er ia l s (SRM), and ana ly s i s o f b l ind s tandard s .
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2.2.1 Method Detection Limit S t u d y
The MDL is the lowest concentration of a substance that can be measured and reported with a
99% c o n f i d e n c e that the analyte is present. Ins trument- and m a t r i x - s p e c i f i c MDLs were
determined during Phase IIIA for arsenic and lead. The f i n a l Phase III M D L s were ca l cu la t ed as
three times the p o o l e d variance of the MDL test result s . Ins trument s en s i t i v i ty was v er i f i ed
during Phase IIIB with analysi s of seven al iquot s each of nine sample s . The Practical
Quant i ta t ion Limit ( P Q L ) is the lowest concentration that can be r e l iab ly achieved within
s p e c i f i e d l imi t s of precision and accuracy during routine laboratory operat ing conditions. The
PQLs for arsenic and lead were cal cu la t ed as ten times the poo l ed variance of the MDL test
result s . V a l u e s reported between the MDL and PQL are considered es t imated concentrations.

Analyt e
Arsenic
Lead

MDL
( m g / k g )

11
52

PQL
( m g / k g )

36
173

2.2.2 Instrument Calibration
A n a l y t i c a l accuracy was achieved through XRF instrument calibration and re-s tandardization,
s u p p l e m e n t e d with:
• Daily energy calibration check
• Daily ini t ia l calibration ver i f i ca t i on through analys i s of three or more S R M s with c e r t i f i e d

concentrations provided by the Nat i ona l I n s t i t u t e o f S t a n d a r d s and T e c h n o l o g y (NIST)
• Cont inu ing calibration ver i f i ca t i on by analysis of one SRM with each analyt ical batch
The NIST SRM resul t s are presented in Figure s 9 through 14. If a NIST standard exceeded the
control l imi t , then data for sampl e s analyzed with that standard were re j e c t ed and the ana ly t i ca l
batch was re-analyzed. NIST 2704 was replaced with NIST 8704 (April 2000) be f or e the grab
s ampl ing started.
2.2.3 Blind S t a n d a r d s
Accuracy also was measured by submi t t ing blind s tandards for analys i s . T h e s e s tandards were
contained and labe led in the same manner as f i e l d sample s , and there fore the analys t could not
i d e n t i f y them as qual i ty control s tandards . Nominal values for six l o t s ( L o t s A - F) were
es tab l i shed through m u l t i p l e analyses of sub sample s f rom the lo t . A s l i g h t l y higher degree of
var iab i l i ty is expected for the bl ind s tandards as compared to the NIST standards used in the
cal ibrat ion v e r i f i c a t i o n because the b l ind s tandards prepared for thi s program did not have
c e r t i f i e d concentrations and the matrix was more variable. The b l ind s tandard s r e su l t s are
presented in F i g u r e s 15 through 18.
2.3 Representativeness
Repre s en ta t iv ene s s expres se s the degree to which sample data accurate ly and p r e c i s e l y represent
a character i s t i c or c o n d i t i o n , and is achieved through proper d e s i g n of a s a m p l i n g program.
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Repre s en ta t ivene s s of soil s a m p l e s has been assessed through pr epara t i on and analy s i s of b lanks ,
comparison of f i e l d d u p l i c a t e s , and in tra- sampl e var iab i l i ty t e s t s .
2.3.1 Instrument and Method Blanks
Instrument b lanks ( F i g u r e 19) c on s i s t ing of clean sand were run with each ana ly t i ca l batch.
Method blanks ( F i g u r e 20) consisted of clean sand that was processed through the entire
laboratory preparat ion and analytical procedures on a d a i l y basis. Instrument and method blank
re su l t s all were below the MDLs and demonstrate that cross contamination did not occur between
samples within the f i e l d laboratory.
2.3.2 Rinse Blanks
Rinse blanks were prepared by rinsing decontaminated soil s a m p l i n g equipment (augers, t rowel s ,
and bow l s) with deionized water and c o l l e c t i n g the rinsate for analysis . Rinse blanks were
co l l e c t ed at a frequency of 5.7% of the grab sampl e s , which is more than the 5% (one for every
twenty f i e l d s a m p l e s ) stated in the QAPP. Lead and arsenic re su l t s were reported below 0.01
mg/L in all rinse blanks. The results demonstrate overall e f f e c t i v e decontamination of soil
s a m p l i n g equipment.
2.4 Comparabi l i ty
C o m p a r a b i l i t y is a qual i ta t ive parameter expre s s ing the c on f id enc e with which one data set can
be compared to another. Comparabi l i ty was evaluated during Phase IIIB grab sampling through
preparat ion and analys i s of conf irmat ion soil samples .
2.4.1 Conf irmat ion S a m p l e s
A percentage of the sample s were s p l i t and prepared as conf irmation samples. One conf irmat ion
sample was prepared for every ten f i e l d samples. The confirmation samples were submitted to an
o f f - s i t e , f i x e d laboratory for analys i s by EPA Method 601 OB, I n d u c t i v e l y C o u p l e d Plasma
Atomic Emission S p e c t r o s c o p y (ICP). Resul t s for bl ind standards submitted along with the
c on f i rmat i on sample s are presented in F i g u r e s 15 through 18.
A portion of the conf irmation sample results were qua l i f i ed as estimated based on the
l a b o r a t o r y ' s qual i ty control data. However, no major anomalies were i d e n t i f i e d and no da ta were
re j e c t ed . The comparison of XRF versus ICP results are presented in Figure 21. The results
exhibit a high degree of correlation, with the exception of 3 out of 355 (0.8%) lead
concentrations. When these three ICP lead resul t s were compared to the respect ive XRF re su l t s
the RPD was greater than 50%. The correlation c o e f f i c i e n t e x c l u d i n g these three ou t l i er s is 0.91.
The c o n f i r m a t i o n sample data document that the XRF re su l t s are g enera l ly comparable to those
from ICP analysis.
2.5 Comple t ene s s
C o m p l e t e n e s s is a measure of the percent of useable data generated as compared to the data
required and c o l l e c t ed . Grab s a m p l e s were c o l l e c t e d f r om 119 r e s id en t ia l p r o p e r t i e s , which is
100% of all target p r o p e r t i e s . Useab l e data were produced for 100% of the s ampl e s c o l l e c t e d .
T h e s e achievements are consis t with the p r o j e c t c o m p l e t e n e s s g o a l s of s a m p l i n g 100% of
proper t i e s granting access, and producing useable data for greater than 90% of the data generated.
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3 . 0 PROPERTY S O I L D I S T R I B U T I O N A L A N A L Y S I S
The Data Quality Asses sment (DQA) for the grab sample data f o l l o w e d a similar procedure as
the DQA for composi te sample s , with a few m o d i f i c a t i o n s . The DQA analyzed grab sample data
sets and composite data sets, but the analysis did not compare grabs and composites at unique
properties on a property-by-property basis. In general, the results indicated expected d i f f e r e n c e s
between the grab sample data set and the compos i t e sample data set due to the higher variability
of grab samples .
Grab sample data from 31 properties (approx imate ly 25% of the total data set) were tested for
normality using USEPA's Data Quest so f tware. F i v e t e s t s for normality were a p p l i e d to each
property, and normality was indicated by at least one of the tests for all except two properties.
An alternative test, the mean plu s three standard deviations, indicated that the sample data for
60% of the grab sample propert i e s could be considered normally di s tributed. Because the
variabil i ty of grab samples is greater than for composites , a percentage of the proper t i e s would be
expected to exhibit non-normal data distributions.
Grab sample data c o e f f i c i e n t s of variation (CV) were larger for grab sample s within a proper ty
than for compos i t e samples. For the composite sample s , the c o e f f i c i e n t s of variation were
expected and proved to be below 1.0 most of the time (98%). T h i s is also true for the properties
with grab samples. However, an increase in the rate of exceedence of 1.0 for the CV is expected
with grab samples , due to their higher variability. CVs for grab samples were below 1.0
approx imat e ly 80% of the time.

DQA_P3B_Grab - 5 - Febraury 9, 2001



T a b l e 1
P H A S E I I I B S O I L S A M P L I N G

A N A L Y T I C A L PROGRAM S U M M A R Y

S A M P L E T Y P E
Grab S a m p l e s
Blind Dupl i ca t e s
Lab Duplicates
Blind S t a n d a r d s
Lab Control S a m p l e ( S R M )
Instrument Blanks
Method Blanks
M D L S t u d y S a m p l e s
Prof i c i en cy S a m p l e s
V a r i a b i l i t y T e s t S a m p l e s
Other T e s t S a m p l e s
O f f - S i t e Conf irmat ion S a m p l e s
Equipment Blanks

T O T A L S A M P L E S

T O T A L
3585

180
181
140
639
274

80
0
0
0

48
355
203

5685
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F i g u r e 3
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b - Part i c l e size of the Lead-bearing phase of the test sample .

a p p B 1 - 9 . X L S B1-9



D I S T R I B U T I O N O F A R S E N I C & L E A D M A S S
B Y P A R T I C L E S I Z E ( N D - 9 8 - 1 1 9 )

100% -i
onot
80%-
70%-

§ 60% -12
f 50% -
£H 40% -

30% -
20%
10% -

f\nf

Panel A - Arsen i c 3

[ A s ] = 2 6 9 0 p p m

<5 5-9 10-19 20-49 50-99 100-149 150-199 200-249 >250
Part i c l e S i z e (um)

100% -r

90% -
80% -
70% -
| 60%-
3 50% -
5 40%-

30% -
20% -
10% -

0% -

Panel B - Lead"

[ P b ] = 6 9 1 p p m

, — — — , l — — — I
<5 5-9 10-19 20-49 50-99 100-149 150-199 200-249 >250

Part i c l e Size (um)

a - P a r t i c l e size of the Arsenic-bearing phase of the test s ampl e ,
b - Par t i c l e size of the Lead-bearing phase of the test sample.

a p p B l - l O . x l s B1-10



D I S T R I B U T I O N O F A R S E N I C & L E A D M A S S
B Y P A R T I C L E S I Z E ( N D - 9 8 - 1 2 0 )

Panel A - A r s e n i c 3

100% -I

80% -
70% -«

§ 60% -£
^ 50% -IS
|2 40% -s? 30% -

20% -
10%-

[ A s ] = 3 3 9 0 p p m

<5 5-9 10-19 20-49 50-99 100-149 150-199 200-249 >250
P a r t i c l e Size (um)

100% -r
3\J A)

80% -
70% -

1 60%-
« 50% -

iifWk -^ 40%
30% -
20%-
10% -

0% -

Panel B - L e a d 6

[Pb]= 1405 ppm |

<5 5-9 10-19 20-49 50-99 100-149 15O-199 200-249 >250
P a r t i c l e S i z e ( u m )

a - P a r t i c l e size of the Arsenic-bearing phase of the test sample .
b - P a r t i c l e size of the Lead-bearing phase of the test sample .

a p p B l - l l . X L S B1-11



D I S T R I B U T I O N O F A R S E N I C & L E A D M A S S
B Y P A R T I C L E S I Z E ( N D - 9 8 - 2 2 )

Panel A - Arsenic 3

100% -i
90% -

70%-u
§ 60% -
f 50% -IB
£ 40% -

30% -
20% -
10% -

0% - . . . . . , , — — — — ^-

[ A s ] = 1 3 0 p p m

<5 5-9 10-19 20-49 50-99 100-149 150-199 200-249 >250
P a r t i c l e S i z e (um)

Panel B - Lead"
100% -r

90% -
00% -
70%-

__
j j 60%-
re 50% -
5 40%-

30%-
20% -
10% -

0% - . -,--— , ,.._... __^... —— . — — — — . — — — — , — — — — ,

[ P b ] = 9 6 p p m

i —— i
<5 5-9 10-19 20-49 60-98 100-149 150-199 200-249 >250

Partic le Size (um)

a - P a r t i c l e size of the Arsenic-bearing phase of the test sample,
b - P a r t i c l e size of the Lead-bearing phase of the test sample .

a p p B l - 1 2 . x l s B1-12



D I S T R I B U T I O N O F A R S E N I C & L E A D M A S S
B Y P A R T I C L E S I Z E ( N D - 9 8 - 2 6 )

Panel A -Arsen i c 3

100% -i
QAOi .

O\J AJ

70% -
| 60% -

^ 40% -ss 30% -
ono/, -

10% -
Q C f c - I — — — — — — — — . — — — — — — — — . — — — — — — — — . — — — — — — — — , — — — — — — — — . — — — — — — — — . — — — — — — — — , — — — — — — — — , — — — — — — — — ,

[As]=1 04 ppm |

J I
<5 5-9 10-19 20-49 50-99 100-149 150-199 200-249 >250

P a r t i c l e S i z e (um)

100% -i
I T U A )

ou% •
70% -

g 60% -_j75 50% -
£ 40%-

30% -
20% -
10%-

UTD -i

Panel B - Lead b

[ P b ] = 1 0 5 p p m

i ——— . . ——— .1 ——— l
<5 5-9 10-19 20-49 50-99 100-149 150-199 200-249 >250

P a r t i c l e S i z e (um)

a - P a r t i c l e size of the Arsenic-bearing phase of the test sample .
b - P a r t i c l e size of the Lead-bearing phase of the test sample .

appBl 1 3 . x l s B1-13



D I S T R I B U T I O N O F A R S E N I C & L E A D M A S S
B Y P A R T I C L E S I Z E ( N D - 9 8 - 2 7 )

100% -,
90% -
80% -
70% -

£ 60% -
* 50% -3|2 40% -

30% -
20% -
10% -

0% -
<5 5-9

Pan el A - Arsenic 3

[ A s ] = 1 8 3 p p m

I ——— I
10-19 20-49 50-99 100-149 150-199 200-249 >250

Particle Size (um)

100% -,
90% -
80% -
70% -

1 60%-
ra 50% -

!̂  40% -
30% -
20% -
10% -

Panel B - Lead b

I J I
<5 5-9 10-19

[ P b ] = 3 4 9 p p m

20-49 50-99 100-149 150-199 200-249 >250
P a r t i c l e S i z e (um)

a - P a r t i c l e size of the Arsenic-bearing phase of the test s a m p l e ,
b - P a r t i c l e size of the Lead-bearing phase of the test sample.

a p p B l - 1 4 . X L S B1-14



D I S T R I B U T I O N O F A R S E N I C & L E A D M A S S
B Y P A R T I C L E S I Z E ( N D - 9 8 - 3 1 )

Panel A - Arsenic 3

100% -r

80%-
70%-o

| 60% -
f 50% -•8(2 40% -

30% -
20%-
10%-

f J O i

[ A s ] = 8 5 p p m

— — — l l — — — I I ——— |
<5 5-8 10-19 20-49 50-99 100-149 150-199 200-249 >250

P a r t i c l e S i z e (um)

100% i
Q f l Q A

OU% -
70% -

g 60% -_i
re 50% -

!̂  40%-

20%-
10% -

nn/

Panel B - L e a d b

[ P b ] = 8 2 2 p p m |

<5 5-9 10-19 20-48 50-88 100-149 150-199 200-249 >250
Particle Size (um)

a - Partic le size of the Arsenic-bearing phase of the test sample.
b - P a r t i c l e size of the Lead-bearing phase of the test sample.

a p p B l - 1 5 . x l s B1-15



D I S T R I B U T I O N O F A R S E N I C & L E A D M A S S
B Y P A R T I C L E S I Z E ( N D - 9 8 - 4 4 )

100% -r
90%-
80% -
70% -o

§ 60% -(A
2 50%-(0
£ 40%-
*" 30% -

20%-
10%-

<5

Panel A - Arsenic 3

[As]=286 p p m

5-9 10-19 20-49 50-99 100-149 150-199 200-249 >250
Part i c l e S i z e (urn)

100% -T
90%-
80%-
70%-

| 60% -
To 50% -
5 40% "

30%-
20%-
10%-

Panel B - Lead"

[ P b ] = 1 6 1 p p m

<5 5-9 10-19 20-49 50-99 100-149 150-199 200-249 >250
P a r t i c l e S i z e (um)

a - P a r t i c l e size of the Arsenic-bearing phase of the test s a m p l e ,
b - P a r t i c l e size of the Lead-bearing phase of the test sample.

a p p B l - 1 6 . x l s B1-16



D I S T R I B U T I O N O F A R S E N I C & L E A D M A S S
B Y P A R T I C L E S I Z E ( N D - 9 8 - 4 4 )

100% i

80% -
70% -o

S 60% -Cf 50% -IB
|2 40% -3S 30% -

20%-
10% -

Panel A - Arsenic 3

<5

[ A s ] = 2 8 6 p p m

5-9 10-19 20-49 50-99 100-149 150-199 200-249 >250
Part i c l e S i z e (um)

100% -i
90% -
80% -
70% -

1 60%-
s 50% -o

30% -
20% -
10%-

0% - - - , — — — — . — — — — ,— — - , — — — — . — — — — . — — — — , — — — — . — — — — .

Panel B - Lead b

[ P b ] = 1 6 1 ppm |

<5 5-9 10-19 20-49 50-99 100-149 150-199 200-249 >250
Particle Size (um)

a - Par t i c l e size of the Arsenic-bearing phase of the test s a m p l e ,
b - P a r t i c l e size of the Lead-bearing phase of the test sample .

a p p B l - 1 6 . x l s B1-16



D I S T R I B U T I O N O F A R S E N I C & L E A D M A S S
B Y P A R T I C L E S I Z E ( N D - 9 8 - 4 7 )

100% -,
90% -

70% -u
| 60% -
2 50% -
*(2 40% -
gs 30% -

20% •
10%

0% -I

Panel A - Arseni c 3

[As]=206 p p m

<5 5-9 10-19 20-49 50-99 100-149 150-199 200-249 >250
Part i c l e Size (um)

100% -,
90% -
OUvb -
70% -
| 60%-
w 50% -£ 4 ° % -

30% -
20%-
10%-

no£

Panel B - Lead b

| [Pb]=437 ppm

<5 5-9 10-19 20-49 50-99 100-149 150-199 200-249 >250
Part i c l e Size (um)

a - P a r t i c l e size of the Arsenic-bearing phase of the test s ampl e ,
b - P a r t i c l e size of the Lead-bearing phase of the test sample.

a p p B 1 - 1 7 . X L S 81-17



D I S T R I B U T I O N O F A R S E N I C & L E A D M A S S
B Y P A R T I C L E S I Z E ( N D - 9 8 - 5 6 )

Panel A - Arsenic 3

100% -r
90% -

70%-o
g 60%-
f 50%-S° 40%-
*" 30% -

20% -
10% -

n°t, -

[As]=234 p p m

J |j ——— i
l _ t / O - t T — — — — — — — — — — - 1 1 - 1 - — — I I - ' — — — — — — — — — — — — — — — 1 — — — — — — — — — — — — - - T - — — — — — — - — — — — — 1

<5 5-9 10-19 20-49 50-99 100-149 150-199 200-249 >250
Part i c l e Size (um)

100% -T
90% -

70%-
| 60%-
w 50% -

30% -
20% -
10% -

r\n/

Panel B -

, _ j — |

Lead b

[ P b ] = 1 3 5 p p m

<5 5-9 10-19 20-49 50-99 100-149 150-199 200-249 >250
Particle Size (um)

a - Part i c l e size of the Arsenic-bearing phase of the test sample.
b - P a r t i c l e size of the Lead-bearing phase of the test sample .

a p p B l - 1 8 . X L S B1-18



D I S T R I B U T I O N O F A R S E N I C & L E A D M A S S
B Y P A R T I C L E S I Z E ( N D - 9 8 - 6 6 )

Panel A - Arsenic 3

100% T

90%-
80%-
70% -u

a 60% -2
5 50% -re
£ 40% -
^ 30% -

20% -
10% -

[As]=363 p p m

<5 5-9 10-19 20-49 50-99 100-149 150-199 200-249 >250
Particle Size (um)

Panel B - Lead"
100% -T

90% -
80% -
70%-_ra 60% -2w 50% -ô 40% -
30% -
20% -
it r\QJ

ClOL

[ P b ] = 3 1 7 p p m |

I I
<5 5-9 10-19 20-49 50-99 100-149 150-199 200-249 >250

P a r t i c l e Size (um)

a - P a r t i c l e size of the Arsenic-bearing phase of the test s a m p l e ,
b - P a r t i c l e size of the Lead-bearing phase of the test s ampl e .

a p p B 1 - 1 9 . X L S B1-19



D I S T R I B U T I O N O F A R S E N I C & L E A D M A S S
B Y P A R T I C L E S I Z E ( N D - 9 8 - 7 2 )

Panel A - Arsenic 3

100% -I

80%-
70% -o

o 60% -2
f 50% -
1|2 40% -as

10% -
nftt

[As]=24 ppm

l l l0 % - t - - - — — — — — — , - - - — — — — r - — — . — — — , — — — — — — — . . . T - — —
<5 5-9 10-19 2Q-4S 50-99 100-149 150-199 200-249 ?250

Part i c l e S i z e (urn)

100% -,
90% -
80% -
70% -

g 60% -
m 50% -

g? 40% -
30% -
20% -
10% -

0% -I

Panel B - Lead"

<5 5-9 10-19

[ P b ] = 3 7 5 p p m

20-49 50-99 100-149 150-199 200-249 >250
Particle Size (urn)

a - P a r t i c l e size of the Arsenic-bearing phase of the test s a m p l e ,
b - P a r t i c l e size of the Lead-bearing phase of the test sample .

a p p B l - 2 0 . X L S B1-20



D I S T R I B U T I O N O F A R S E N I C & L E A D M A S S
B Y P A R T I C L E S I Z E ( N D - 9 8 - 8 1 )

Panel A - Arsenic 3

100% -r

90% -
80% -
70% -0

§ 60% -2
- 50% -
H 40% -s? 30% -

20% -
10% -

[ A s ] = 7 7 0 p p m

<5 5-9 10-19 20-49 50-99 1 00-149 1 50-199 200-249 >250
Part i c l e S i z e (um)

100% T

y\j to
O\J rO

70% -
g 60% -
re 50% -
5 40% -

30% -
20% -
A r\ni

f\OL

Panel B - Lead b

[Pb]=751 p p m

| ___ i
<5 5-9 10-19 20-43 50-99 100-149 150-199 200-249 >250

Part i c l e Size (um)

a - P a r t i c l e size of the Arsenic-bearing phase of the test s a m p l e ,
b - P a r t i c l e size of the Lead-bearing phase of the test s a m p l e .

a p p B 1 - 2 1 . X L S B1-21



D I S T R I B U T I O N O F A R S E N I C & L E A D M A S S
B Y P A R T I C L E S I Z E ( N D - 9 8 - 9 8 )

100% -|

70% -o
§ 60% -

*5 50% -<B
H 40% J

30% -
20% -
10%-

Panel A - Arsen i c 3

[ A s ] = 8 0 5 p p m

<5 5-9 10-19 20-49 50-99 100-149 150-199 200-249 =-250
Part i c l e S i z e (um)

100% -r

&\J /Q

80% -
70%-

| 60% -_i« 50% -Tô
 40% -

0s*

30% -
20% -
10%-

not

Panel B - Lead"

[ P b ] = 3 8 6 p p m

<5 5-9 10-19 20-49 50-99 100-149 150-199 200-249 >250
P a r t i c l e S i z e (um)

a - P a r t i c l e size of the Arsenic-bearing phase of the test s a m p l e ,
b - P a r t i c l e size of the Lead-bearing phase of the test sample .

a p p B 1 - 2 2 . X L S B1-22



Vasquez Blvd/I-70 RI Report
Appendix

APPENDIX B2
Arsenic, Cadmium, Lead and Zinc

in 1998 Bulk S a m p l e s and Fines



Arsenic, Cadmium, Lead and Zinc in 1998 Bulk S a m p l e s and Fine s
( m g / K g )

S a m p l e ID
ND-98-001
ND-98-002
ND-98-003
ND-98-004
ND-98-005
ND-98-006
ND-98-007

ND-98-007DUP
ND-98-008
ND-98-009
ND-98-010
ND-98-011
ND-98-012
ND-98-013
ND-98-014
N D - 9 8 - O I 5

ND-98-015DUP
ND-98-016
ND-98-017

N D - 9 8 - 0 1 7 D U P
ND-98-018
ND-98-019
ND-98-020
ND-98-021
ND-98-022

ND-98-022DUP
ND-98-023
ND-98-024
ND-98-025
ND-98-026
ND-98-027
ND-98-028
ND-98-029
ND-98-030

ND-98-030DUP
ND-98-031
ND-98-032
ND-98-033

ND-98-033DUP
ND-98-034
ND-98-035
ND-98-036
ND-98-037
ND-98-038
ND-98-039

As
Bulk

104
52
107
13

147
26

1
-5
-6
15
26
27
14
82
100
12
52
10
22

N A
17
39
17
93
95

N A
110
11
91
44
61
53
93
42
81
65
152
943
N A
96
163
209
176
169
62

F i n e
108
86
85
27
194
73
46

N A
1 1
56
-9
55
30
74
112
32

N A
124
-6
42
78
6
1

184
130
113
107
76
95
104
183
14

138
154
N A
85
147
218
205
152
198
184
224
220
149

Cd
Bulk

8
6
6
4
5
2
7
3
5
6
5
3
3
3
4
4
5
3
5

N A
5
8
4
5
3

N A
6
8
6
4
10
4
6
4
2
6
5
8

N A
4
8
4
3
5
7

F i n e
5
6
6
4
5
3
4

N A
5
6
5
4
4
4
4
5

N A
4
11
11
5
6
6
4
3
4
5
10
3
3
10
4
5
2

N A
8
4
9
8
6
9
6
4
9
9

Pb
Bulk

192
113
193
84
92
79
166
182
115
166
65
52
138
102
147
85
71
49

257
N A
75

219
131
145
110
N A
176
303
141
105
353
131
139
410
466
798
143
304
N A
366
474
213
91
138
384

F i n e
172
124
228
100
97
93
138
N A
150
197
73
74
146
127
159
107
N A
66

392
383
74

257
232
198
96
115
203
399
146
105
349
167
163
537
NA
822
136
190
189
476
582
195
82
154
456

Zn
Bulk

132
188
225
129
115
209
220
219
241
173
109
94

290
119
181
133
129
99

294
N A
90

201
228
180
135
N A
292
486
152
100
641
195
72
109
114
555
193
346
N A
299
178
242
345
201
416

F i n e
155
216
261
146
142
230
216
N A
354
201
121
112
331
134
175
130
N A
117
354
373
109
208
333
228
136
154
272
509
128
91

625
249
93
114

NA
610
118
229
222
335
213
263
287
220
416

N A : N o t analyzed B2-1



Arsenic, Cadmium, Lead and Zinc in 1998 Bulk S a m p l e s and Fine s
( m g / K g )

S a m p l e I D
ND-98-040
ND-98-041
ND-98-042
ND-98-043
ND-98-044
ND-98-045
ND-98-046
ND-98-047
ND-98-048

ND-98-048DUP
ND-98-049
ND-98-050
ND-98-051
ND-98-052
ND-98-053
ND-98-054
ND-98-055

ND-98-055DUP
ND-98-056
ND-98-057
ND-98-058
ND-98-059
ND-98-060

ND-98-060DUP
ND-98-061
ND-98-062
ND-98-063
ND-98-064
ND-98-065
ND-98-066
ND-98-067

ND-98-067DUP
ND-98-068
ND-98-069
ND-98-070
ND-98-071
ND-98-072
ND-98-073
ND-98-074

ND-98-074DUP
ND-98-075
ND-98-076
ND-98-077
ND-98-078
ND-98-079

As
Bulk

115
114
95
195
260
561
218
180
277
310
249
504
213
204
335
218
300
N A
204
164
142
216
161
240
261
258
445
248
642
211
385
499
637
85

349
181

1
472
397
N A
208
210
244
336
144

F i n e
181
153
94

223
286
622
319
206
353
N A
386
637
327
287
453
333
231
226
234
265
187
215
300
N A
443
300
556
297
709
363
591
N A
928
86

435
335
24

445
279
315
323
404
208
491
258

Cd
Bulk

4
5
4
6
5

22
6
6
7
6
8
6
5
8
9
5

20
N A

5
10
3
4
5
6
10
7
7
9
11
6
8

11
9
12
10
8
8
8

20
N A
10
8
8
10
4

F i n e
5
7
6
9
6
18
8
5
4

N A
7
7
9
9
10
8

24
24
5
14
3
5
6

N A
11
8
9
11
10
8

14
N A
9
13
7
13
8
9
19
17
9
7
9
10
5

Pb
Bulk

147
405
219
174
157
668
432
400
145
149
541
435
235
254
432
80

461
N A
137
349
207
319
462
502
173
207
298
453
359
304
744
748

4158
484
584
568
352
253
641
N A
480
193
401
411
308

Fine
171
498
239
223
161
620
481
437
178
N A
583
481
285
323
418
118
371
393
125
410
217
303
546
N A
241
204
350
669
434
317
974
N A

3507
505
666
632
375
261
494
583
572
259
421
391
335

Zn
Bulk

178
184
238
159
199

1230
333
358
121
109
423
239
245
160
339
144
286
N A
150
423
130
250
111
126
127
120
178
412
275
216
227
231

1354
796
435
679
382
138
493
N A
204
131
337
474
318

F i n e
200
186
287
213
133

1083
327
369
100
N A
505
232
251
182
291
183
261
258
148
466
139
256
128
N A
156
141
229
501
306
213
217
N A

1436
668
501
889
396
154
660
528
303
196
304
408
252

N A : N o t analyzed B2-2



Arsenic, Cadmium, Lead and Zinc in 1998 Bulk S a m p l e s and Fines
( m g / K g )

S a m p l e I D
ND-98-080

ND-98-080DUP
ND-98-081
ND-98-082
ND-98-083
ND-98-084
ND-98-085
ND-98-086
ND-98-087
ND-98-088
ND-98-089
ND-98-090
ND-98-091
ND-98-092
ND-98-093
ND-98-094
ND-98-095
ND-98-096
ND-98-097
ND-98-098
ND-98-099
ND-98-100
ND-98-101
ND-98-102
ND-98-103
ND-98-104
ND-98-105
ND-98-106
ND-98-107
ND-98-108

ND-98-108DUP
ND-98-109
N D - 9 8 - 1 1 0
N D - 9 8 - 1 1 1
N D - 9 8 - 1 1 2
N D - 9 8 - 1 1 3
N D - 9 8 - 1 1 4
N D - 9 8 - 1 1 5
ND-98-116

N D - 9 8 - 1 1 6 D U P
N D - 9 8 - 1 1 7
N D - 9 8 - 1 1 8
N D - 9 8 - 1 1 9
ND-98-120

As
Bulk

478
N A
653
346
479
275
304
512
430
454
379
449
478
1105
887
318
510
719
729
540
540
109
729
851
734
481
851
729
978
376
335
869
365
760
1378
994
1 1 1 5
1247
756
N A
1409
1080
1980
3282

F i n e
504
535
770
464
765
371
372
545

.576
499
485
591
678
1510
1125
413
510
805
1009
805
622
109

1014
704
877
734
983
973
1368
409
N A
1449
469
800

1500
1409
2042
1691
1019
1161
1907
1191
2690
3390

Cd
Bulk

11
N A
12
4
5
4

36
9
5
6
5
7
6
10
9
9
11
6
5
7
6
5
5
8
10
6
9
9
8
5
4
16
7
6
3
9
4
11
5

N A
8
12
8

13

F i n e
11
13
11
8
7
5

48
12
6
5
6
6
8
10
10
8
8
10
9
7
8
5
5
5
8
7
13
11
10
6

N A
22
9
6
5
16
5
12
5
8
8
15
10
15

Pb
Bulk

483
N A
611
284
369
163
781
637
237
414
503
373
281

2003
350
489
717
340
1542
337
394
103
872
559
324
221
484
573
264
188
242

2350
398
318
283
359
534
957
328
N A
363
1375
572
1375

F i n e
586
580
751
345
505
225
847
654
288
464
541
445
333

2031
410
410
619
341

2012
386
464
99

827
475
383
317
539
682
295
215
NA

2713
541
306
364
362
702
1074
341
371
423
1434
691
1405

Zn
Bulk

175
N A
321
106
443
141

2079
283
109
191
316
222
165
221
306
377
551
139
385
228
247
127
199
326
215
168
137
321
133
114
113
468
555
141
277
205
172
183
338
N A
232
617
245
470

F i n e
195
218
336
142
489
118

2122
287
147
211
311
199
206
277
350
423
489
137
470
233
251
100
217
311
230
215
181
350
145
140
N A
466
691
150
284
219
183
195
340
349
271
489
289
361

N A : N o t analyzed B2-3
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S p e c i a t i o n



Arsenic Mass in Each Phase
S a m p l e NumberT o t a l A s ( p p m )

ND-98-22
130

ND-98-26
104

ND-98-27
183

ND-98-31
85

ND-98-44
286

ND-98-47
206

ND-98-56
234

ND-98-66
363

ND-98-72
24

ND-98-81
770

ND-98-98
805

P H A S E
ClaysA n g l e s i t e

As2O3
AsCaO
A s S b O
A s F e O
BrassGalena

Cerussite
Fe OxideMn Oxide

PbON a t i v e PbOrganicPbAsOPbCr04PbMOR u t i l e
P b S i 0 4S o l d e rS l a gPhosphateF e S u l f a t e

117.17
5.53
0.04

4.77
0.99

0.78
0.72

47.73

4.38
50.63

0.15

1.10

166.31

16.69

35.87
1.29

23.07
2.82

4.98

16.10
0.87

217.37
11.14
47.70

7.10
2.69

187.95

5.08
4.65

8.27

0.05

202.05

23.44
8.50

324.81

34.67
1.03

0.03
2.47

4.83
4.60

14.57

659.65
62.33

3.97
0.31

37.58

6.16

697.39

7.60
25.13

51.13
23.75

S a m p l e N u m b e rT o t a l A s ( p p m ) ND-98-100
109

ND-98-102
704

ND-98-106
973

ND-98-110
469

ND-98-113
1409

ND-98-114
2042

N D - 9 8 - 1 1 5
1691

ND-98-117
1907

ND-98-118
1191

N D - 9 8 - 1 1 9
2690

ND-98-120
3390

P H A S E
ClaysA n g l e s i t e

As2O3
AsCaO
A s S b O
A s F e OBrassGalena

Cerussite
Fe OxideMn OxidePbON a t i v e PbOrganicPbAsOPbCr04PbMORuti l e
P b S i O 4S o l d e rS l a gP h o s p h a t eF e S u l f a t e

22.67

5.48
22.11

35.44

19.09
1.47
2.75

0.11
677.89
14.97
0.01

3.26
1.86

3.85

2.02
0.02

863.10
27.22

41.20
26.37

15.12

377.77
4.94

13.70
0.99

45.78

25.82

1257.68
133.49

6.00
11.83

1962.41

11.48

41.70
17.17

8.88
0.36

0.50
1425.10
148.50

27.69
28.83

21.43
8.01

30.15
0.79

1247.44
575.15

79.00
5.42

762.36

25.69
0.73

362.34

2.01

0.15
37.73

2106.50
541.34
18.56

6.56
0.26

1.07
11.40
1.59

0.01
2.72

0.10
3082.63
151.08

68.27
0.63

69.99
1.95

15.35

A b s o l u t e A s / A r s e n i c Mass in Each Phase .x l s



Lead Mass in Each Phase
S a m p l e N u m b e rT o t a l P b ( p p m ) ND-98-22

96
ND-98-26

105
ND-98-27

349
ND-98-31

822
ND-98-44

161
ND-98-47

437
ND-98-56

135
ND-98-66

317
ND-98-72

375
ND-98-81

751
ND-98-98

386
P H A S EC l a y sA n g l e s i t eAs2O3
AsCaO
AsSbO
A s F e OBrassG a l e n aCeru s s i t eFe OxideMn OxidePbON a t i v e PbOrganicPbAsOPbCrO4PbMOR u t i l eP b S i O 4S o l d e rS l a g3 h o s p h a t eF e S u l f a t e

0.01
0.1

8.49
26.01
35.33

24.51
1.55

0.59
101.77

0.01

2.63 349

0.02

43.04
77.93

119.3
49.63

530.1
1.98

0.68
0.13

19.93
112.02

28.25

7.08
96.13

15.5

27.42
289.51

1.36

17.2
92.47
25.33

105.25
46.42

33.1
132.24

1.41
19.87

278.82

74.9

0.15

10.35
11.94

438.4

290.16

3.99
195.36

120.17
66.48

S a m p l e N u m b e rT o t a l P b ( p p m ) ND-98-100
99

ND-98-102
475

ND-98-106
682

ND-98-110
541

ND-98-113
362

ND-98-114
702

ND-98-115
1074

ND-98-117
423

ND-98-118
1434

ND-98-119
691

ND-98-120
1405

P H A S E
ClaysA n g l e s i t e
As2O3
AsCaO
AsSbO
A s F e OBrassGalenaCeruss i teFe OxideMn OxidePbON a t i v e PbOrganicPbAsO
PbCrO4PbMO
R u t i l eP b S i O 4S o l d e rS l a g3 ho spha t eF e S u l f a t e

38.98
0.6

35.87

20.71

2.84

0.91

1.38
0.22

32.01
271.11

169.35

0.22

35.1
332.91

86.56

227.21

24.58

0.03

10.27
11.04

153.72

341.37

0.25

11.96
349.79

18.03

293.38
143.9

246.01
0.69

0.36

0.12

41.06
24.17

372.84

83.79
49.26
37.33

464.23
0.84

1.43

208.99
212.58

15.76
6.63

996.08
6.57

0.57
408.39

4.6
0.28

59.16
34.3

12.96
46.06
76.46

24.46
432.73

0.13

0.05

105.76
14.47

485.69
363.32

16.12

419.46

Lead Mass in Each Phase .x l s
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Risk Based S a m p l i n g Grids
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S a m p l i n g Grid for Locat ion 2
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{ S a m p l i n g Gif "ir Location 3
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S a m p l i n g Grid for Location 4
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S a m p l i n g Grid f or Locat ion 5
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S a m p l i n g Grid for Location 6
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S a m p l i n g Grh* *or Location 7
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S a m p l i n g Grid f or Location 8
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A P P E N D I X D
Risk Based S a m p l i n g Map Coordinates and Concentration

Values From 8 Residential Properties



Map Coordinate s and Concentrat ion V a l u e s f or S u r f a c e so i l s f r o m 8 Res ident ia l Proper t i e s
M a p #
Map 1
M a p 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
Map 1
Map 1
M a p 1
M a p 1
Map 1
Map 1
Map 1
M a p 1
M a p 1
M a p 1
Map 1
Map 1
M a p 1
M a p 1
M a p 1
Map 1
Map 1
M a p 1
Map 1
M a p 1
M a p 1
Map 1
Map 1
Map 1
M a p 1
Map 1
Map 1
M a p 1
Map 1

F i e l d I D
C4701ELB-128
C4701ELB-098
C4701ELB-088
C4701ELB-078
C4701ELB-068
C4701ELB-058
C4701ELB-048
C4701ELB-028
C4701ELB-018
C4701ELB-008
C4701ELB-129
C4701ELB-099
C4701ELB-089
C4701ELB-079
C4701ELB-069
C4701ELB-059
C4701ELB-049
C4701ELB-029
C4701ELB-019
C4701ELB-009
C4701ELB-130
C4701ELB-090
C4701ELB-080
C4701ELB-070
C4701ELB-030
C4701ELB-020
C4701ELB-010
C 4 7 0 1 T H B - 0 0 7
C 4 7 1 1 T H B - 0 7 1
C 4 7 1 1 T H B - 0 6 4
C 4 7 1 1 T H B - 0 3 6
C 4 7 1 1 T H B - 0 2 9
C 4 7 1 1 T H B - 0 2 2
C 4 7 1 1 T H B - 0 1 5
C471 1THB-008
C4711THB-001
C 4 7 2 1 T H B - 1 0 9
C 4 7 2 1 T H B - 1 0 0
C 4 7 2 1 T H B - 0 9 1
C4701THB-008
C 4 7 1 1 T H B - 0 7 2
C 4 7 1 1 T H B - 0 6 5
C 4 7 1 1 T H B - 0 5 8
C 4 7 1 1 T H B - 0 5 1
C 4 7 1 1 T H B - 0 4 4
C 4 7 1 1 T H B - 0 2 3
C 4 7 1 1 T H B - 0 1 6
C 4 7 1 1 T H B - 0 0 9
C 4 7 1 1 T H B - 0 0 2
C 4 7 2 1 T H B - 1 1 0
C 4 7 2 1 T H B - 1 0 1
C 4 7 2 1 T H B - 0 9 2
C 4 7 0 1 T H B - 0 0 9

C A D I D
B-128
B-98
B-88
B-78
B-68
B-58
B-48
B-28
B-18
B-8

B-129
B-99
B-89
B-79
B-69
B-59
B-49
B-29
B-19
B-9

B-130
B-90
B-80
B-70
B-30
B-20
B-10
B-7

B-71
B-64
B-36
B-29
B-22
B-15
B-8
B-1

B-109
B-1 00
B-91
B-8

B-72
B-65
B-58
B-51
B-44
B-23
B-16
B-9
B-2

B-1 10
B-101
B-92
B-9

X-Coord
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
7.0

Y-Coord
2.0
5.0
6.0
7.0
8.0
9.0
10.0
12.0
13.0
14.0
2.0
5.0
6.0
7.0
8.0
9.0
10.0
12.0
13.0
14.0
2.0
6.0
7.0
8.0

12.0
13.0
14.0
0.0
3.0
4.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
0.0
3.0
4.0
5.0
6.0
7.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
0.0

Concentration ( p p m )

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

As Pb Cd Zn
9

87
167
61
68
97
56

122
73
57
9
9

105
60
30
9
9

214
21
25
28
20
80
9

53
9

52
9

27
52
43
9

21
68

115
56
57
78
53
9

31
78
47
67
72
149
111
59
9

55
92
27
9

246
516
808
634
540
1206
1040
829
691
280
127
324
297
567
398
546
339

2124
237
213
132
726
193
200
482
199
356
227
235
251
249
284
251
212
326
260
393
229
177
481
221
270
276
299
330
473
277
239
235
221
171
83

413

7
9

11
10
8
14
13
9
6
2
6
8
6
9
7
6
8

17
5
5
2
8
5
5
7
7
6
2
7
5
5
4
5
7
6
5
7
4
9
8
7
5
2
2
6
7
7
5
6
2
2
4
8

703
474
505
381
586
897
842
559
308
408
279
373
361
392
582
614
548
695
282
431
354
749
350
668
687
332
435
188
718
579

1168
451
361
575
431
412

4383
171
210
336
256
246
308
293
389
347
369
245
241
306
163
137
314

a p p D.xl s D1



M a p Coord ina t e s a n d Concentrat ion V a l u e s f o r S u r f a c e s o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s
M a p *
M a p 1
M a p 1
M a p 1M a p 1
M a p 1
Map 1M a p 1M a p 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
Map 1Map 1
M a p 1M a p 1M a p 1
M a p 1
M a p 1
M a p 1
Map 1Map 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1M a p 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1

F i e l d I D
C 4 7 1 1 T H B - 0 7 3
C 4 7 1 1 T H B - 0 6 6
C 4 7 1 1 T H B - 0 5 9
C 4 7 1 1 T H B - 0 5 2
C 4 7 1 1 T H B - 0 4 5
C 4 7 1 1 T H B - 0 2 4
C 4 7 1 1 T H B - 0 1 7
C 4 7 1 1 T H B - 0 1 0
C 4 7 1 1 T H B - 0 0 3
C 4 7 2 1 T H B - 1 1 1
C 4 7 2 1 T H B - 1 0 2
C 4 7 2 1 T H B - 0 9 3
C 4 7 0 1 T H N - 0 2 1
C 4 7 0 1 T H N - 0 1 1
C 4 7 0 1 T H N - 0 0 1
C 4 7 1 1 T H B - 0 7 4
C 4 7 1 1 T H B - 0 6 7
C 4 7 1 1 T H B - 0 6 0
C 4 7 1 1 T H B - 0 5 3
C 4 7 1 1 T H B - 0 4 6
C 4 7 1 1 T H B - 0 3 9
C 4 7 1 1 T H B - 0 3 2
C 4 7 1 1 T H B - 0 2 5
C 4 7 1 1 T H B - 0 1 8
C 4 7 2 1 T H B - 1 1 2
C 4 7 2 1 T H B - 1 0 3
C 4 7 2 1 T H B - 0 9 4
C 4 7 0 1 T H N - 0 2 2
C 4 7 0 1 T H N - 0 1 2
C 4 7 0 1 T H N - 0 0 2
C 4 7 1 1 T H B - 0 7 5
C 4 7 1 1 T H B - 0 6 8
C 4 7 1 1 T H B - 0 6 1
C 4 7 1 1 T H B - 0 5 4
C 4 7 1 1 T H B - 0 4 7
C 4 7 1 1 T H B - 0 4 0
C 4 7 1 1 T H B - 0 3 3
C 4 7 1 1 T H B - 0 2 6
C 4 7 1 1 T H B - 0 1 9
C 4 7 2 1 T H B - 1 1 3
C 4 7 2 1 T H B - 1 0 4
C 4 7 2 1 T H B - 0 9 5
C 4 7 0 1 T H N - 0 2 3
C 4 7 0 1 T H N - 0 1 3
C 4 7 0 1 T H N - 0 0 3
C 4 7 1 1 T H B - 0 7 6
C 4 7 1 1 T H B - 0 6 9
C 4 7 1 1 T H B - 0 6 2
C 4 7 1 1 T H B - 0 5 5
C 4 7 1 1 T H B - 0 4 8
C 4 7 1 1 T H B - 0 4 1
C 4 7 1 1 T H B - 0 3 4
C 4 7 1 1 T H B - 0 2 7

C A D I D
B-73
B-66
B-59
B-52
B-45
B-24
B-17
B-10
B-3

B-111
B-102
B-93

S N - 2 1
S N - 1 1

S N - 1
B-74
B-67
B-60
B-53
B-46
B-39
B-32
B-25
B-18

B-112
B-103
B-94

S N - 2 2
S N - 1 2

S N - 2
B-75
B-68
B-61
B-54
B-47
B-40
B-33
B-26
B-19

B-113
B-104
B-95

S N - 2 3
S N - 1 3

S N - 3
B-76
B-69
B-62
B-55
B-48
B-41
B-34
B-27

X-Coord
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

Y-Coord
3.0
4.0
5.0
6.0
7.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
14.0
15.0
16.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
14.0
15.0
16.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration ( p p m )
As

1348
912
678

4514
622
198
460
124
277
89
98
88

102
104
60

591
256

2177
887

1160
264
678
373
988
195
387
166
47
9
9

1500
1434
2426
2848
846
1700
540
851
409
175
148
96
9
9

26
704
1242
2362
1972
494
326

1267
1282

Pb
1542
2040
559

2171
572
463
404
643

1503
281
221
308
955
354
254
1533
864

2427
1236
833
515
835
559
986
517

1484
393
408
367
187

2783
2783
1993
2991
2783
2589
773

2792
553
1145
592
588
758
316
302

2580
2844
1756
1736
1175
927

2143
2939

Cd
21
17
8

21
9
6
8
6
10
6
2
4

12
8
7

11
10
22
10
7
9

12
10
14
6
6
6
9
6
7

21
18
23
27
18
19
9

10
9
8
6
8
8
6
8

24
18
12
17
17
8
18
17

Zn
563
590
339
800
337
261
272
385
416

2417
164
147
897
811
602
458
290
741
489
338
306
311
310
482
827
203
164
703
404
501
846
482
548
722
501
807
392
489
270
513
183
204
249
120
520
722
478
470
656
517
308
741
509
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Map C o o r d i n a t e s and Concentrat ion Valu e s f o r S u r f a c e s o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s
M a p #
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
Map 1
Map 1
M a p 1
M a p 1
M a p 1
M a p 1
Map 1
Map 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p t
M a p 1
Map 1
M a p 1
Map 1
M a p 1
Map 1M a p 1
Map 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
M a p 1
Map 1

F i e l d I D
C 4 7 1 1 T H B - 0 2 0
C 4 7 1 1 T H B - 0 1 3
C 4 7 1 1 T H B - 0 0 6
C 4 7 2 1 T H B - 1 1 4
C 4 7 2 1 T H B - 1 0 5
C 4 7 2 1 T H B - 0 9 6
C 4 7 0 1 T H N - 0 2 4
C 4 7 0 1 T H N - 0 1 4
C 4 7 0 1 T H N - 0 0 4
C 4 7 1 1 T H B - 0 7 7
C 4 7 1 1 T H B - 0 7 0
C 4 7 1 1 T H B - 0 6 3
C 4 7 1 1 T H B - 0 5 6
C 4 7 1 1 T H B - 0 4 9
C 4 7 1 1 T H B - 0 4 2
C 4 7 1 1 T H B - 0 3 5
C 4 7 1 1 T H B - 0 2 8
C 4 7 1 1 T H B - 0 1 4
C 4 7 1 1 T H B - 0 2 1
C4711THB-007
C 4 7 2 1 T H B - 1 1 5
C 4 7 2 1 T H B - 1 0 6
C 4 7 2 1 T H B - 0 9 7
C 4 7 1 1 T H N - 0 0 1
C 4 7 0 1 T H N - 0 2 5
C 4 7 0 1 T H N - 0 1 5
C 4 7 0 1 T H N - 0 0 5
C 4 7 1 1 T H S - 0 0 8
C 4 7 1 1 T H S - 0 0 1
C 4 7 2 1 T H B - 1 1 6
C 4 7 2 1 T H B - 1 0 7
C4721THB-098
C 4 7 1 1 T H N - 0 0 2
C 4 7 0 1 T H N - 0 2 6
C 4 7 0 1 T H N - 0 1 6
C 4 7 0 1 T H N - 0 0 6
C 4 7 1 1 T H S - 0 0 9
C 4 7 1 1 T H S - 0 0 2
C 4 7 2 1 T H B - 1 1 7
C4721THB-108
C 4 7 2 1 T H B - 0 9 9
C 4 7 2 1 T H S - 0 1 3
C 4 7 2 1 T H S - 0 0 7
C 4 7 2 1 T H S - 0 0 1
C 4 7 1 1 T H N - 0 0 3
C 4 7 0 1 T H N - 0 0 7
C 4 7 0 1 T H N - 0 1 7
C 4 7 1 1 T H S - 0 1 0
C 4 7 1 1 T H S - 0 0 3
C 4 7 2 1 T H S - 0 1 4
C 4 7 2 1 T H S - 0 0 8
C 4 7 2 1 T H S - 0 0 2
C 4 7 1 1 T H N - 0 0 4

CAD ID
B-20
B-13
B-6

B-114
B-105
B-96

S N - 2 4
S N - 1 4

S N - 4
B-77
B-70
B-63
B-56
B-49
B-42
B-35
B-28
B-14
B-21
B-7

B-115
B-106
B-97
S N - 1

S N - 2 5
SN-1 5

S N - 5
S S - 8
S S - 1

B-116
B-107
B-98
S N - 2

S N - 2 6
SN-1 6

S N - 6
S S - 9
S S - 2

B-117
B-108
B-99
S-13

S-7
S-1

S N - 3
S N - 7

SN-1 7
S S - 1 0

S S - 3
S - 1 4
S-8
S-2

S N - 4

X-Coord
10.0
10.0
10.0
10.0
10.0
10.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.5
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.5
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.3
13.3
13.3
13.5
14.0
14.0
14.0
14.0
14.2
14.2
14.2
14.5

Y-Coord
11.0
12.0
13.0
14.0
15.0
16.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
13.0
0.0
1.0
2.0
3.0
4.0
14.0
15.0
16.0
13.0
0.0
1.0
2.0
3.0
4.0
14.0
15.0
16.0
14.0
15.0
16.0
13.0
2.0
1.0
3.0
4.0
14.0
15.0
16.0
13.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration ( p p m )
As
877
831
775
111
122
97
39
38
50

887
1282
912

2625
1454
1691
2615
187

1565
566
448
143
55
83

510
9

53
1029
245
360

9
164
64

658
38
59
20

515
445
40
69

234
197

9
37

1464
108
55

958
1972
233
35
43

2610

Pb
675

1581
624
430
516
440
214
386
257

2327
1851
2078
3202
2651
3955
2957
1581
1975
765
752
587
353
364
976
230
177
610

1021
1185
299
663
451
1074
241
356
681

2115
1756
226

2553
1276
366
179
293
1984
323
1425
1185
2473
1054
644
233

3093

Cd
10
11
13
7
8
9
6
5
7

15
15
14
18
20
15
16
13
10
10
9
5
6
4
12
6
6

19
8

12
7
8
8

11
7
7

13
13
12
6

15
6
8
4
9
15
8
14
16
18
10
6
5

28

Zn
350
337
313
772
173
180
297
466
827
501
489
486
486
517
478
582
323
528
458
297
672
147
141
299
264
337

6903
278
317
1439
204
162
369
239
423

1381
361
358
1447
349
208

4111
315

1160
544
652
920
458
505
869
214
266
800
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Map C o o r d i n a t e s and Concentra t i on V a l u e s f o r S u r f a c e s o i l s f r o m 8 R e s i d e n t i a l Proper t i e s
M a p *
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
Map 1
Map 1
M a p 1
Map 1
Map 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
M a p 1
Map 1
Map 1
M a p 1
Map 1
Map 1
Map 1
M a p 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
Map 1
Map 1
Map 1
M a p 1
Map 1
M a p 1
Map 1
M a p 1

F i e l d I D
C 4 7 0 1 T H N - 0 1 8
C 4 7 0 1 T H N - 0 0 8
C 4 7 1 1 T H S - 0 1 1
C 4 7 1 1 T H S - 0 0 4
C 4 7 2 1 T H S - 0 1 5
C 4 7 2 1 T H S - 0 0 9
C 4 7 2 1 T H S - 0 0 3
C 4 7 1 1 T H N - 0 0 5
C 4 7 0 1 T H N - 0 1 9
C 4 7 0 1 T H N - 0 0 9
C 4 7 1 1 T H S - 0 1 2
C 4 7 1 1 T H S - 0 0 5
C 4 7 2 1 T H S - 0 1 6
C 4 7 2 1 T H S - 0 1 0
C 4 7 2 1 T H S - 0 0 4
C 4 7 1 1 T H N - 0 0 6
C 4 7 0 1 T H N - 0 2 0
C 4 7 0 1 T H N - 0 1 0
C 4 7 1 1 T H S - 0 1 3
C 4 7 1 1 T H S - 0 0 6
C 4 7 2 1 T H S - 0 1 7
C 4 7 2 1 T H S - 0 1 1
C 4 7 2 1 T H S - 0 0 5
C 4 7 1 1 T H N - 0 0 7
C 4 7 1 1 T H S - 0 1 4
C 4 7 1 1 T H S - 0 0 7
C 4 7 2 1 T H S - 0 1 8
C 4 7 0 1 T H F - 0 0 9
C 4 7 0 1 T H F - 0 0 1
C 4 7 1 1 T H F - 0 7 8
C 4 7 1 1 T H F - 0 7 1
C 4 7 1 1 T H F - 0 5 0
C 4 7 1 1 T H F - 0 0 8
C 4 7 1 1 T H F - 0 0 1
C 4 7 2 1 T H S - 0 1 2
C 4 7 2 1 T H S - 0 0 6
C 4 7 2 1 T H F - 0 7 1
C 4 7 2 1 T H F - 0 6 4
C 4 7 0 1 T H F - 0 1 8
C 4 7 0 1 T H F - 0 1 0
C 4 7 0 1 T H F - 0 0 2
C 4 7 1 1 T H F - 0 7 9
C 4 7 1 1 T H F - 0 7 2
C 4 7 1 1 T H F - 0 6 5
C 4 7 1 1 T H F - 0 5 8
C 4 7 1 1 T H F - 0 5 1
C 4 7 1 1 T H F - 0 4 4
C 4 7 1 1 T H F - 0 3 7
C 4 7 1 1 T H F - 0 1 6
C 4 7 1 1 T H F - 0 0 9
C 4 7 1 1 T H F - 0 0 2
C 4 7 2 1 T H F - 0 7 2
C 4 7 2 1 T H F - 0 6 5

C A D I D
S N - 1 8

S N - 8
S S - 1 1

S S - 4
S - 1 5

S-9
S-3

S N - 5
S N - 1 9

S N - 9
S S - 1 2

S S - 5
S-16
S-10

S-4
S N - 6

S N - 2 0
S N - 1 0
S S - 1 3

S S - 6
S-17
S - 1 1

S-5
S N - 7

S S - 1 4
S S - 7
S - 1 8

F - 9
F - 1

F-78
F-71
F-50

F-8
F - 1

S - 1 2
S-6

F-71
F-64
F-1 8
F - 1 0

F - 2
F-79
F-72
F-65
F-58
F - 5 1
F-44
F-37
F-1 6

F - 9
F-2

F - 7 2
F - 6 5

X-Coord
15.0
15.0
15.0
15.0
15.1
15.1
15.1
15.5
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.5
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.5
17.5
17.5
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.3
18.3
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0

Y-Coord
1.0
2.0
3.0
4.0

14.0
15.0
16.0
13.0
1.0
2.0
3.0
4.0

14.0
15.0
16.0
13.0
1.0
2.0
3.0
4.0

14.0
15.0
16.0
13.0
3.0
4.0

14.0
1.0
2.0
3.0
4.0
7.0

13.0
14.0
15.0
16.0
15.0
16.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

12.0
13.0
14.0
15.0
16.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration ( p p m )
As
63

255
1736
2027
800
139

9
1247
241
109

2007
1445
265
82
62

2496
23
39

988
698
550
96
66

1842
170

2714
704
63
53

128
109
134

2912
3105
111

9
178
109
123
59
24

831
2526
1272
1348
1610
1786
1298
198

1676
1414
160
65

Pb
399
352

1266
2642
881
888
253

2282
1246
305

1804
1784
676
958
274

2914
702
413

1405
1794
762
884
439

1484
353
454

1345
317
394
316
460
413
628
929

1115
560
905
626
434
734
363

2870
2580
1523
2263
1395
1601
3160
606

4829
4225
827
926

Cd
9

10
11
17
11
8
6

20
11
10
16
17
9
10
2

25
10
10
7

15
6
9
8

15
5
7
10
11
10
4
5
8
9

12
10
11
8
7
9
7
8
13
16
13
14
11
14
13
9
15
11
14
9

Zn
497

1098
339
474
974
244
225
455

1831
641
431
544
815
264
259
866
959

1614
318
532
916
237
317
474

1288
505
835
532

1629
299
299
273

4693
5003
385

1637
180
228
223
350
524
400
575
299
586
339
451
486

1083
520
369
180
177
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Map Coord ina t e s and Concentra t ion V a l u e s f o r S u r f a c e s o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s
M a p #
Map 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
M a p f
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
Map 1

F i e l d I D
C 4 7 0 1 T H F - 0 1 9
C 4 7 0 1 T H F - 0 1 1
C 4 7 0 1 T H F - 0 0 3
C 4 7 1 1 T H F - 0 8 0
C 4 7 1 1 T H F - 0 7 3
C 4 7 1 1 T H F - 0 6 6
C 4 7 1 1 T H F - 0 5 9
C 4 7 1 1 T H F - 0 5 2
C 4 7 1 1 T H F - 0 4 5
C 4 7 1 1 T H F - 0 3 8
C 4 7 1 1 T H F - 0 1 7
C 4 7 1 1 T H F - 0 1 0
C 4 7 1 1 T H F - 0 0 3

C A D I D
F - 1 9
F - 1 1

F-3
F-80
F-73
F-66
F - 5 9
F - 5 2
F-45
F-38
F - 1 7
F - 1 0

F-3

X-Coord
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

Y-Coord
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

12.0
13.0
14.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration ( p p m )
As
274
132
57

1039
342
540
765
749
719
499

1262
454
408

Pb
299
338
305

2482
1064
1454
1727
1993
2189
1861
2669
2382
1474

Cd
6
7
9

14
11
9

16
12
9

15
19
9
9

Zn
186
207

1397
447
400
373
385
277
278
509
497
354
269

Map1 C 4 7 2 1 T H F - 0 7 3 F-73 20.0 15.0 " OK ' 108 544 " 7 141
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
Map 1M a p 1Map 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
Map 1
Map 1
M a p 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
Map 1
Map 1

C 4 7 2 1 T H F - 0 6 6
C 4 7 0 1 T H F - 0 2 0
C 4 7 0 1 T H F - 0 1 2
C 4 7 0 1 T H F - 0 0 4
C 4 7 1 1 T H F - 0 8 1
C 4 7 1 1 T H F - 0 7 4
C 4 7 1 1 T H F - 0 6 7
C 4 7 1 1 T H F - 0 6 0
C 4 7 1 1 T H F - 0 5 3
C 4 7 1 1 T H F - 0 4 6
C 4 7 1 1 T H F - 0 3 9
C 4 7 1 1 T H F - 0 1 8
C 4 7 1 1 T H F - 0 1 1
C 4 7 1 1 T H F - 0 0 4
C 4 7 2 1 T H F - 0 7 4
C 4 7 2 1 T H F - 0 6 7
C 4 7 0 1 T H F - 0 2 1
C 4 7 0 1 T H F - 0 1 3
C 4 7 0 1 T H F - 0 0 5
C 4 7 1 1 T H F - 0 8 2
C 4 7 1 1 T H F - 0 7 5
C 4 7 1 1 T H F - 0 6 8
C 4 7 1 1 T H F - 0 6 1
C 4 7 1 1 T H F - 0 5 4
C 4 7 1 1 T H F - 0 4 7
C 4 7 1 1 T H F - 0 4 0
C 4 7 1 1 T H F - 0 1 9
C 4 7 1 1 T H F - 0 1 2
C 4 7 1 1 T H F - 0 0 5
C 4 7 2 1 T H F - 0 7 5
C 4 7 2 1 T H F - 0 6 8
C 4 7 0 1 T H F - 0 2 2
C 4 7 0 1 T H F - 0 1 4
C 4 7 0 1 T H F - 0 0 6
C 4 7 1 1 T H F - 0 8 3
C 4 7 1 1 T H F - 0 7 6
C 4 7 1 1 T H F - 0 6 9
C 4 7 1 1 T H F - 0 6 2
C 4 7 1 1 T H F - 0 5 5

F-66
F-20
F - 1 2

F-4
F-81
F-74
F-67
F-60
F-53
F-46
F-39
F - 1 8
F - 1 1

F-4
F-74
F-67
F-21
F - 1 3

F-5
F-82
F-75
F-68
F-61
F-54
F-47
F-40
F - 1 9
F - 1 2

F - 5
F-75
F-68
F-22
F - 1 4

F - 6
F-83
F-76
F - 6 9
F-62
F - 5 5

20.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
22.0
22.0
22.0
22.0
22.0
22.0
22.0
22.0
22.0
22.0
22.0
22.0
22.0
22.0
22.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0

16.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

12.0
13.0
14.0
15.0
16.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

12.0
13.0
14.0
15.0
16.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

978
69
9

40
698
602

1293
1222
1257
1902
1277
938
282
770
140
187
197
82

104
683

1741
1156
744
892

1686
1368
912
591
953
145
93
42
31

161
1014
1464
1049
1115
1100

2809
338
307
290

2455
1591
2152
3924
3227
3093
3651
2427
1 1 1 5
2309
555

1698
195
216
263

1659
2818
2199
2152
2097
2254
4816
1823
1105
2050
664
566
125
153
352

2162
1620
1601
1581
1640

12
5
8
7

13
14
15
15
20
12
15
15
11
10
8
8
5
8

10
11
23
19
16
11
15
14
15
9

15
7
7
2
2

11
11
14
13
12
11

227
240
226
660
273
354
392
486
637
466
478
439
246
323
150
176
203
189
846
296
699
497
435
427
524
602
455
259
286
292
138
139
173

1059
358
361
286
358
276
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M a p Coord ina t e s a n d Concentrat ion V a l u e s f o r S u r f a c e s o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s
M a p #
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
Map 1
M a p 1
M a p 1
M a p 1
M a p 1
M a p 1
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2

F i e l d I D
C 4 7 1 1 T H F - 0 4 8
C 4 7 1 1 T H F - 0 4 1
C 4 7 1 1 T H F - 0 2 0
C 4 7 1 1 T H F - 0 1 3
C 4 7 1 1 T H F - 0 0 6
C 4 7 2 1 T H F - 0 6 9
C 4 7 0 1 T H F - 0 2 3
C 4 7 0 1 T H F - 0 1 5
C 4 7 0 1 T H F - 0 0 7
C 4 7 1 1 T H F - 0 8 4
C 4 7 1 1 T H F - 0 7 7
C 4 7 1 1 T H F - 0 7 0
C 4 7 1 1 T H F - 0 6 3
C 4 7 1 1 T H F - 0 5 6
C 4 7 1 1 T H F - 0 4 9
C 4 7 1 1 T H F - 0 4 2
C 4 7 1 1 T H F - 0 2 1
C 4 7 1 1 T H F - 0 1 4
C 4 7 1 1 T H F - 0 0 7
C 4 7 2 1 T H F - 0 7 7
C 4 7 2 1 T H F - 0 7 0
C 4 7 0 1 T H F - 0 2 4
C 4 7 0 1 T H F - 0 1 6
C 4 7 0 1 T H F - 0 0 8

N o n e
N o n eN o n e
N o n eN o n e
N o n e
None

C 4 6 8 0 C Y F - 0 1 5
C4680CYF-008
C 4 6 9 0 C Y F - 0 7 1
C 4 6 9 0 C Y F - 0 6 4
C 4 6 9 0 C Y F - 0 5 7
C 4 6 9 0 C Y F - 0 5 0
C 4 6 9 0 C Y F - 0 4 3
C 4 6 9 0 C Y F - 0 3 6
C4690CYF-029
C 4 6 9 0 C Y F - 0 2 2
C 4 6 9 0 C Y F - 0 1 5
C 4 6 9 0 C Y F - 0 0 8
C 4 6 9 0 C Y F - 0 0 1
C 4 6 9 4 C Y F - 0 5 5
C 4 6 9 4 C Y F - 0 4 9
C 4 6 9 4 C Y F - 0 4 3
C 4 6 8 0 C Y F - 0 1 6
C 4 6 8 0 C Y F - 0 0 9
C4690CYF-072
C 4 6 9 0 C Y F - 0 6 5
C 4 6 9 0 C Y F - 0 5 8

C A D I D
F-48
F-41
F-20
F - 1 3

F-6
F-69
F-23
F - 1 5

F-7
F-84
F-77
F-70
F-63
F-56
F-49
F-42
F-21
F - 1 4

F-7
F-77
F-70
F-24
F - 1 6

F-8
F-78
F-79
F-80
F-81
F-82
F-83
F-84
F - 1 5

F-8
F-71
F-64
F-57
F-50
F-43
F-36
F-29
F-22
F - 1 5

F-8
F - 1

F - 5 5
F-49
F-43
F - 1 6

F - 9
F-72
F - 6 5
F - 5 8

X-Coord
23.0
23.0
23.0
23.0
23.0
23.0
24.0
24.0
24.0
24.0
24.0
24.0
24.0
24.0
24.0
24.0
24.0
24.0
24.0
24.0
24.0
25.0
25.0
25.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.0
1.0
1.0
1.0
1.0

Y-Coord
8.0
9.0

12.0
13.0
14.0
16.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

12.0
13.0
14.0
15.0
16.0
0.0
1.0
2.0

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
0.0
1.0
2.0
3.0
4.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centrat ion (
As
704

1207
872

1459
2127
208

9
9

53
239
902
104
26

405
343
486
277
535
339
21
145

9
66
153
877

1897
831
831

2977
2561

52
155
68
54

336
907
499
591
299
318

1141
438

1726
1489
1156

26
9

66
98
51

515
816

1967

? p m ) Pb
1552
1765
1775
3118
3101
2957
111
295
383
508
620
355
311
474
348
425
418
460

1064
878

1474
270
326
383

3017
3855
1533
1650
5223
5097
398

1562
232
268
878

1474
961
623
499

1105
566
410

1028
648
554
82
30
30

334
339

2346
840

1542

Cd
8
8

14
17
10
8
4
5
8
8
8
9
8
7
5
9
6
8
7
9
10
4
6
9

17
22
13
12
19
16
7

11
7
5
7
8
10
11
8
9
6
6
5
7
8
2
2
2
6
4

12
10
12

Zn
304
275
361
334
314
254
141
344
276
216
225
241
260
231
159
199
180
247
209
232
262
182
211
249
344
373
202
209
392
281
245
197
119
133
185
252
192
190
188
171
183
204
157
182
155
95
54
60

199
172
350
166
305
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Map Coordinates and Concentration Value s for S u r f a c e soils f rom 8 Residential Propert ie s
M a p #
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2

F i e l d I D
C 4 6 9 0 C Y F - 0 5 1
C4690CYF-044
C 4 6 9 0 C Y F - 0 3 7
C4690CYF-030
C 4 6 9 0 C Y F - 0 2 3
C 4 6 9 0 C Y F - 0 1 6
C 4 6 9 0 C Y F - 0 0 9
C 4 6 9 0 C Y F - 0 0 2
C4694CYF-056
C 4 6 9 4 C Y F - 0 5 0
C4694CYF-044
C 4 6 8 0 C Y F - 0 1 7
C 4 6 8 0 C Y F - 0 1 0
C 4 6 9 0 C Y F - 0 7 3
C 4 6 9 0 C Y F - 0 6 6
C4690CYF-059
C 4 6 9 0 C Y F - 0 5 2
C4690CYF-045
C 4 6 9 0 C Y F - 0 3 8
C 4 6 9 0 C Y F - 0 3 1
C 4 6 9 0 C Y F - 0 2 4
C 4 6 9 0 C Y F - 0 1 7
C 4 6 9 0 C Y F - 0 1 0
C 4 6 9 0 C Y F - 0 0 3
C4694CYF-057
C 4 6 9 4 C Y F - 0 5 1
C 4 6 9 4 C Y F - 0 4 5
C 4 6 8 0 C Y F - 0 1 8
C 4 6 8 0 C Y F - 0 1 1
C4690CYF-074
C 4 6 9 0 C Y F - 0 6 7
C4690CYF-060
C 4 6 9 0 C Y F - 0 5 3
C4690CYF-046
C 4 6 9 0 C Y F - 0 3 9
C 4 6 9 0 C Y F - 0 3 2
C4690CYF-025
C 4 6 9 0 C Y F - 0 1 8
C4690CYF-01 1
C 4 6 9 0 C Y F - 0 0 4
C4694CYF-058
C 4 6 9 4 C Y F - 0 5 2
C4694CYF-046
C 4 6 8 0 C Y F - 0 1 9
C 4 6 9 0 C Y F - 0 7 5
C4690CYF-068
C 4 6 9 0 C Y F - 0 6 1
C4690CYF-054
C 4 6 9 0 C Y F - 0 4 7
C 4 6 9 0 C Y F - 0 4 0
C 4 6 9 0 C Y F - 0 3 3
C 4 6 9 0 C Y F - 0 2 6
C 4 6 9 0 C Y F - 0 1 9

C A D I D
F - 5 1
F-44
F-37
F-30
F-23
F - 1 6

F - 9
F-2

F-56
F-50
F-44
F - 1 7
F - 1 0
F-73
F-66
F-59
F-52
F-45
F-38
F-31
F-24
F - 1 7
F - 1 0

F-3
F-57
F-51
F-45
F - 1 8
F - 1 1
F-74
F-67
F-60
F-53
F-46
F-39
F-32
F-25
F - 1 8
F - 1 1

F-4
F-58
F-52
F-46
F - 1 9
F-75
F-68
F - 6 1
F-54
F-47
F-40
F-33
F-26
F - 1 9

X-Coord
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

Y-Coord
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
0.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

Concentrat ion ( p p m )
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

As Pb Cd Zn
1932
2037

90
1666
7810
3449
1716
6374

81
9
9

439
140
247
1429
1822
2625
1348
1721
332
581

2719
3208
4219

64
9

46
9

92
460

3193
973

3055
2317
3542
2421
2252
1917
1676
1409

50
32
41
83

365
1237
2167
545

2217
3434
3213
3311
2486

1804
1552

67
586

2031
2473
1135
1385
324
293
197

2562
965

2124
2427
1375
1256
866
457
315
354
874

3135
1899
303
195
171
453
1135
2731
3127
595

2853
1746
1899
1717
688
1365
2598
1581
255
244
202
1552
2535
1464
1335
386
1746
2491
1226
2031
1861

11
12
2
8

14
10
14
13
7
7
4
13
13
13
11
14
12
9
10
9
7
10
12
15
7
5
5
9

12
13
12
7
17
10
15
13
9
14
8

12
6
2
6

14
17
12
12
8
14
18
12
14
12

245
291
48

229
219
232
168
311
177
199
159
385
248
266
200
226
269
213
206
294
215
198
300
292
162
125
131
206
266
245
291
263
365
295
285
265
226
190
177
256
183
121
149
316
232
161
223
308
285
253
195
232
251
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Map Coordinates and Concentration Value s for S u r f a c e so i l s f r o m 8 Residential Propert i e s
M a p *
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2

F i e l d I D
C 4 6 9 0 C Y F - 0 1 2
C 4 6 9 0 C Y F - 0 0 5
C 4 6 9 4 C Y F - 0 5 9
C 4 6 9 4 C Y F - 0 5 3
C 4 6 9 4 C Y F - 0 4 7
C4680CYF-020
C 4 6 8 0 C Y F - 0 1 3
C 4 6 9 0 C Y F - 0 7 6
C 4 6 9 0 C Y F - 0 6 9
C 4 6 9 0 C Y F - 0 6 2
C 4 6 9 0 C Y F - 0 5 5
C 4 6 9 0 C Y F - 0 4 8
C 4 6 9 0 C Y F - 0 4 1
C 4 6 9 0 C Y F - 0 3 4
C 4 6 9 0 C Y F - 0 2 7
C 4 6 9 0 C Y F - 0 2 0
C 4 6 9 0 C Y F - 0 1 3
C 4 6 9 0 C Y F - 0 0 6
C 4 6 9 4 C Y F - 0 6 0
C 4 6 9 4 C Y F - 0 5 4
C 4 6 9 4 C Y F - 0 4 8
C 4 6 8 0 C Y F - 0 2 1
C 4 6 8 0 C Y F - 0 1 4
C 4 6 9 0 C Y F - 0 7 7
C 4 6 9 0 C Y F - 0 7 0
C 4 6 9 0 C Y F - 0 6 3
C 4 6 9 0 C Y F - 0 5 6
C 4 6 9 0 C Y F - 0 4 9
C 4 6 9 0 C Y F - 0 4 2
C 4 6 9 0 C Y F - 0 3 5
C 4 6 9 0 C Y F - 0 2 8
C 4 6 9 0 C Y F - 0 2 1
C 4 6 9 0 C Y F - 0 1 4
C 4 6 9 0 C Y N - 0 0 1
C 4 6 9 0 C Y F - 0 0 7
C 4 6 9 0 C Y S - 0 0 1
C 4 6 8 0 C Y N - 0 0 1
C 4 6 9 0 C Y N - 0 0 2
C 4 6 9 0 C Y S - 0 0 2
C 4 6 8 0 C Y N - 0 0 2
C 4 6 9 0 C Y N - 0 0 3
C 4 6 9 0 C Y S - 0 0 3
C 4 6 8 0 C Y N - 0 0 3
C 4 6 9 0 C Y N - 0 0 4
C 4 6 9 0 C Y S - 0 0 4
C 4 6 8 0 C Y N - 0 1 2
C 4 6 8 0 C Y N - 0 0 4
C 4 6 9 0 C Y N - 0 0 5
C 4 6 9 0 C Y S - 0 0 5
C 4 6 8 0 C Y N - 0 0 5
C 4 6 9 0 C Y N - 0 0 6
C 4 6 9 0 C Y S - 0 0 6
C 4 6 8 0 C Y N - 0 1 4

C A D I D
F - 1 2

F-5
F - 5 9
F-53
F-47
F-20
F - 1 3
F-76
F - 6 9
F-62
F-55
F-48
F-41
F-34
F-27
F-20
F - 1 3

F-6
F-60
F - 5 4
F-48
F - 2 1
F - 1 4
F-77
F-70
F-63
F-56
F-49
F-42
F-35
F-28
F-21
F - 1 4

N S - 1
F-7

S S - 1
N S - 1
S N - 2
S S - 2
N S - 2
S N - 3
S S - 3
N S - 3
S N - 4
S S - 4

NS-1 2
N S - 4
S N - 5
S S - 5
N S - 5
S N - 6
S S - 6

N S - 1 4

X-Coord
4.0
4.0
4.0
4.0
4.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.2
7.0
7.0
7.2
8.0
8.0
8.1
9.0
9.0
9.1

10.0
10.0
10.0
10.1
11.0
11.0
11.1
12.0

Y-Coord
11.0
12.0
13.0
14.0
15.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
11.5
12.0
3.0
1.0

11.5
3.0
1.0

11.5
3.0
1.0

11.5
3.0
0.0
1.0

11.5
3.0
1.0

11.5
3.0
0.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration (
As

2032
2665

70
9

20
185
138
765
821

5429
3698
1545
4340
1257
5714
5382
335

1962
22
27
51
85
77
184
958

3262
3026
4952
632
222
268
698

6887
11742
4316
4142
259

6748
2863
719

3370
1338
309

3493
2022

82
350

1070
184
49

2322
76
9

j p m )
Pb

2171
2309
176
250
215

1276
486

2069
526

1804
2282
1727
1717
622

1591
3085
559

1736
189
209
189

1206
1562

99
440

1276
838

2974
426
356
557
629

4889
2031
1572
2391
1679
2050
2896
2862
1405
1523
1405
2199
2012
1115
1601
449
433
638
392
142
402

Cd
12
16
5
5
5

17
10
13
11
10
20
11
14
7

10
19
7

11
4
6
5

16
14
6
6
8

12
13
10
5
8
9

18
21
11
10
16
15
20
12
15
13
18
13
15
11
17
11
7
16
11
4
9

Zn
203
263
149
165
173
334
275
205
447
365
412
228
341
235
220
273
122
656
137
142
161
458
305
66

223
227
497
385
404
197
474
652
365
532
296
333
354
392
385
296
513
292
532
337
439
269
660
664
365

1614
329
381
277
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M a p Coord ina t e s a n d Concentra t i on V a l u e s f o r S u r f a c e s o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s
M a p #
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2

F i e l d I D
C 4 6 8 0 C Y N - 0 0 6
C4690CYB-091
C4690CYB-081
C4690CYB-01 1
C4690CYB-001
C4694CYB-091
C4694CYB-071
C 4 6 8 0 C Y N - 0 1 5
C 4 6 8 0 C Y N - 0 0 7
C4690CYB-092
C4690CYB-082
C4690CYB-072
C4690CYB-062
C4690CYB-052
C4690CYB-042
C4690CYB-022
C4690CYB-012
C4690CYB-002
C4694CYB-092
C4694CYB-072
C4690CYB-093
C4690CYB-083
C4690CYB-073
C4690CYB-063
C4690CYB-053
C4690CYB-043
C4690CYB-033
C4690CYB-023
C 4 6 9 0 C Y B - 0 1 3
C4690CYB-003
C4680CYB-019
C4680CYB-010
C4690CYB-094
C4690CYB-084
C4690CYB-074
C4690CYB-064
C4690CYB-054
C4690CYB-044
C4690CYB-034
C4690CYB-024
C4690CYB-014
C4690CYB-004
C4694CYB-094
C4680CYB-020
C4680CYB-01 1
C4690CYB-095
C4690CYB-085
C4690CYB-075
C4690CYB-065
C4690CYB-055
C4690CYB-045
C4690CYB-035
C4690CYB-025

C A D I D
N S - 6
B-91
B-81
B-11

B-1
B-91
B-71

N S - 1 5
N S - 7
B-92
B-82
B-72
B-62
B-52
B-42
B-22
B-12
B-2

B-92
B-72
B-93
B-83
B-73
B-63
B-53
B-43
B-33
B-23
B-1 3
B-3

B-19
B-10
B-94
B-84
B-74
B-64
B-54
B-44
B-34
B-24
B-14
B-4

B-94
B-20
B-11
B-95
B-85
B-75
B-65
B-55
B-45
B-35
B-25

X-Coord
12.0
12.0
12.0
12.0
12.0
12.0
12.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0

Y-Coord
1.0
3.0
4.0

11.0
12.0
13.0
15.0
0.0
1.0
3.0
4.0
5.0
6.0
7.0
8.0
10.0
11.0
12.0
13.0
15.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
0.0
1.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
0.0
1.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration ( p p m )
As
58
70

289
71
160

9
22
59
50

188
785

1686
5667
3781
4904

54
78
74
27
9

2759
2357
3375
5429
3488
1962
49
51
28
73
58
9

988
1651
6139

11785
831

1791
2027
239
21
37
9

106
133
82

1500
3046
1424
6934
1641
3576

85

Pb
1185
146
337
219
197
144
119
219

1165
256

1165
1415
2896
1454
2245
182
133
161
135
167

1832
3269
2922
2382
1355
987
65

171
149
157
343
556

1630
1717
2473
2152
442
1074
553
223
148
127
170
916
693
290

1236
3227
608

1688
799

1256
212

Cd
14
5
4
5
5
4
4
13
13
5

10
17
22
9
15
4
5
5
4
7
16
23
18
22
15
12
2
6
6
7
9

12
12
15
14
19
9

14
10
5
5
8
8

12
9
6

14
15
10
24
11
16
5

Zn
369
354
373

1533
265
497
255
175
246
455
349
373
435
614
316
256
196
245
267
309
513
447
277
392
341
291
155
203
208
221
326
275
301
317
250
316
361
245
255
202
204
435
420
326
255
185
245
350
240
361
207
229
211
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Map C o o r d i n a t e s and Concen tra t i on V a l u e s f o r S u r f a c e s o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s
M a p *
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2

F i e l d I D
C 4 6 9 0 C Y B - 0 1 5
C4690CYB-005
C4694CYB-085
C4694CYB-075
C4680CYB-021
C4680CYB-012
C4690CYB-096
C4690CYB-086
C4690CYB-076
C4690CYB-066
C4690CYB-056
C4690CYB-046
C4690CYB-036
C4690CYB-026
C 4 6 9 0 C Y B - 0 1 6
C4690CYB-006
C4694CYB-086
C4694CYB-076
C4680CYB-022
C4680CYB-013
C4690CYB-097
C4690CYB-087
C4690CYB-077
C4690CYB-067
C4690CYB-057
C4690CYB-047
C4690CYB-037
C4690CYB-027
C4690CYB-017
C4690CYB-007
C4694CYB-097
C4694CYB-087
C4694CYB-077
C4680CYB-023
C4680CYB-014
C4690CYB-098
C4690CYB-088
C4690CYB-078
C4690CYB-068
C4690CYB-058
C4690CYB-048
C4690CYB-038
C4690CYB-028
C 4 6 9 0 C Y B - 0 1 8
C4690CYB-008
C4694CYB-098
C4694CYB-088
C4694CYB-078
C4680CYB-024
C 4 6 8 0 C Y B - 0 1 5
C 4 6 9 0 C Y B - 0 9 9
C4690CYB-089
C4690CYB-079

C A D I D
B-15
B-5

B-85
B-75
B-21
B-12
B-96
B-86
B-76
B-66
B-56
B-46
B-36
B-26
B-16
B-6

B-86
B-76
B-22
B-13
B-97
B-87
B-77
B-67
B-57
B-47
B-37
B-27
B-17
B-7

B-97
B-87
B-77
B-23
B-14
B-98
B-88
B-78
B-68
B-58
B-48
B-38
B-28
B-18
B-8

B-98
B-88
B-78
B-24
B-15
B-99
B-89
B-79

X-Coord
16.0
16.0
16.0
16.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
17.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
20.0
20.0
20.0
20.0
20.0

Y-Coord
11.0
12.0
14.0
15.0
0.0
1.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
14.0
15.0
0.0
1.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
0.0
1.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
0.0
1.0
3.0
4.0
5.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration ( p p m )
As
29
107

9
3046
239
109

1004
525

3444
2222
3728
1394
2037

80
56
31
9

39
121
175
545
415

1394
2027
2202
1469
371
43
74
9
9
9
9

71
148

1151
647

1176
3055
958
995

3640
2262

74
9
9
9

51
79
9

28
86

581

Pb
161
229
52

3227
696

1196
1708
927

2922
1620
1125
864
984
177
170
197
146
119
412
797

1135
803

2346
1659
981
984
446
151
162
248
105
80
148
265
965

3034
1813
2957
2775
1135
1325
1503
2464
184
217
212
109
100
492
969
179
188
717

Cd
6
6
2

15
10
9
15
10
19
14
14
13
12
5
4
5
4
6
7
9

13
11
14
11
13
13
6
4
5
8
4
5
2
7

12
10
15
12
16
12
10
16
16
6
7
6
5
2
10
12
5
7
14

Zn
198
672
88

350
285
338
341
408
290
309
276
216
250
234
199
439
180
119
392
458
228
187
266
194
232
242
263
178
191
354
761
128
98

258
244
282
287
301
314
252
273
455
361
219
273

1463
145
174
282
231
466
256
243
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Map Coord ina t e s and Concentra t ion V a l u e s f o r S u r f a c e s o i l s f r o m 8 Res id en t ia l P r o p e r t i e s
M a p #
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
M a p 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3

F i e l d I D
C4690CYB-069
C4690CYB-059
C4690CYB-049
C4690CYB-039
C4690CYB-029
C4690CYB-019
C4694CYB-099
C4680CYB-025
C4680CYB-016
C4690CYB-100
C4690CYB-090
C4690CYB-040
C4690CYB-030
C4690CYB-020
C4690CYB-010
C4694CYB-100
C4694CYB-090
C4680CYB-017
C4680CYB-027
C4680CYB-018
C 4 6 8 5 F I B - 1 0 6
C 4 6 8 5 F I B - 0 9 1
C4685FIB-076
C 4 6 8 5 F I B - 0 6 1
C 4 6 8 5 F I B - 0 4 6
C4685FIB-031
C 4 6 8 5 F I B - 0 0 1
C 4 6 8 5 F I B - 1 5 2
C4685FIB-047
C 4 6 8 5 F I B - 0 3 2
C 4 6 8 5 F I B - 0 0 2
C 4 6 8 5 F I B - 1 5 3
C 4 6 8 5 F I B - 0 6 3
C 4 6 8 5 F I B - 0 4 8
C 4 6 8 5 F I B - 0 3 3
C4685FIB-018
C 4 6 8 5 F I B - 0 0 3

C4850ADF-101
C4850ADF-091
C4850ADF-081
C4850ADF-071
C 4 8 5 0 A D F - 0 6 1
C 4 8 5 0 A D F - 0 5 1
C4850ADF-031
C4850ADF-021
C4850ADF-01 1
C4850ADF-001
C4850ADF-102
C 4 8 5 0 A D F - 0 9 2
C 4 8 5 0 A D F - 0 8 2
C4850ADF-072
C 4 8 5 0 A D F - 0 6 2

C A D I D
B-69
B-59
B-49
B-39
B-29
B-19
B-99
B-25
B-16

B-100
B-90
B-40
B-30
B-20
B-10

B-100
B-90
B-17
B-27
B-18

B-106
B-91
B-76
B-61
B-46
B-31
B-1

B-152
B-47
B-32
B-2

B-1 53
B-63
B-48
B-33
B-18
B-3

F-101
F-91
F-81
F-71
F - 6 1
F - 5 1
F-31
F-21
F - 1 1

F-1
F-102

F-92
F-82
F-72
F-62

X-Coord
20.0
20.0
20.0
20.0
20.0
20.0
20.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
22.0
23.0
23.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
36.0
36.0
36.0
36.0
37.0
37.0
37.0
37.0
37.0
37.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.0
1.0
1.0
1.0
1.0

Y-Coord
6.0
7.0
8.0
9.0

10.0
11.0
13.0
0.0
1.0
3.0
4.0
9.0
10.0
11.0
12.0
13.0
14.0
1.0
0.0
1.0
5.0
6.0
7.0
8.0
9.0
10.0
12.0
2.0
9.0

10.0
12.0
2.0
8.0
9.0

10.0
11.0
12.0
0.0
1.0
2.0
3.0
4.0
5.0
7.0
8.0
9.0
10.0
0.0
1.0
2.0
3.0
4.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration (ppm)
As Pb Cd Zn

6841
2292
1987
1615
494
77
19
27
60
26
9

53
1293

94
43
23
87
66
9
9

33
9

35
24
9

20
22
9

206
28
9

43
424
123
658

9
29
76
19
22
9
9
9

58
9

58
69

167
2386
856
1054
1343
169

2853
1640
1365
1965
294
212
96

404
605
137
176
494
775
236
257
135
149
324
1206
317
194
177
151
85
78
62
106
211
675
68

132
175

1572
492

1266
72
83

1145
140
166
178
129
152
184
54

209
274
320
768
461
409
419
147

22
18
14
15
8
6
5
8

15
5
8
8

12
4
8
6
5
9

15
10
7
8
4
5
2
2
4
5
5
5
5
5
6
6
7
2
4

15
4
4
5
4
4
5
2
5
6
7
10
10
9

11
2

385
462
551
443
296
232
365
223
350
320
262
614
528
302
381
920
243
212

2269
602
745
862
513
207
136
130
299
582
176
112
282
478
216
111
185
138
206
520
229
240
289
220
340
208
63
88

163
210
517
202
308
194
130
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Map Coordinates and Concentration Values for S u r f a c e soi l s f r o m 8 Residential Proper t i e s
M a p *
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
M a p 3
M a p 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3

F i e l d I D
C 4 8 5 0 A D F - 0 5 2
C 4 8 5 0 A D F - 0 3 2
C 4 8 5 0 A D F - 0 2 2
C 4 8 5 0 A D F - 0 1 2
C 4 8 5 0 A D F - 0 0 2
C 4 8 5 0 A D F - 1 0 3
C4850ADF-093
C4850ADF-083
C4850ADF-073
C4850ADF-063
C 4 8 5 0 A D F - 0 5 3
C4850ADF-033
C4850ADF-023
C4850ADF-013
C 4 8 5 0 A D F - 0 0 3
C 4 8 5 0 A D F - 1 0 4
C4850ADF-094
C4850ADF-084
C4850ADF-074
C4850ADF-064
C 4 8 5 0 A D F - 0 5 4
C4850ADF-044
C4850ADF-034
C4850ADF-024
C 4 8 5 0 A D F - 0 1 4
C4850ADF-004
C 4 8 5 0 A D F - 1 0 5
C4850ADF-095
C 4 8 5 0 A D F - 0 8 5
C4850ADF-075
C 4 8 5 0 A D F - 0 6 5
C 4 8 5 0 A D F - 0 5 5
C4850ADF-045
C4850ADF-035
C 4 8 5 0 A D F - 0 2 5
C4850ADF-015
C 4 8 5 0 A D F - 0 0 5
C 4 8 5 0 A D F - 1 0 6
C 4 8 5 0 A D F - 0 9 6
C4850ADF-086
C4850ADF-076
C 4 8 5 0 A D F - 0 6 6
C4850ADF-056
C4850ADF-046
C4850ADF-036
C4850ADF-026
C 4 8 5 0 A D F - 0 1 6
C 4 8 5 0 A D F - 0 0 6
C4850ADF-107
C 4 8 5 0 A D F - 0 9 7
C 4 8 5 0 A D F - 0 8 7
C 4 8 5 0 A D F - 0 7 7
C 4 8 5 0 A D F - 0 6 7

C A D I D
F-52
F-32
F-22
F - 1 2

F-2
F - 1 0 3
F-93
F-83
F-73
F-63
F - 5 3
F-33
F-23
F - 1 3

F-3
F-104
F-94
F-84
F-74
F-64
F-54
F-44
F-34
F-24
F - 1 4

F-4
F - 1 0 5
F-95
F-85
F-75
F-65
F-55
F-45
F-35
F-25
F - 1 5

F-5
F - 1 0 6
F-96
F-86
F-76
F-66
F-56
F-46
F-36
F-26
F - 1 6

F - 6
F-107

F-97
F-87
F-77
F-67

X-Coord
1.0
1.0
1.0
1.0
1.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
5.0
5.0 .
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
6.0
6.0
6.0
6.0
6.0

Y - C o o r d
5.0
7.0
8.0
9.0
10.0
0.0
1.0
2.0
3.0
4.0
5.0
7.0
8.0
9.0
10.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
0.0
1.0
2.0
3.0
4.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration ( p p m )
As
195

9
68
31
44

304
321
607
709
693
238
76
45

111
54

365
404
55

586
119
109
581
62
9

658
107
360
237
988

1070
668

1171
1044

27
31

383
127
335
353
424
494
52

1181
795
43
44

2367
197
734
607
305
933

2729

Pb
290
39
37
54

155
259
319
457
428
435
277
26
58

241
153
316
372
137
340
160
180
437
31
22

663
216
222
148
579
640
522
596
594
40
33

580
302
167
201
199
288
96

705
527
48
65

1542
249
639
766
191
684

1425

Cd
5
2
2
2
5
8

12
10
8

11
5
5
2
5
4
7

11
4
10
2
9

12
4
2
9
7
8
4
5

10
7

11
15
2
4
9
9
10
7

10
4
2
17
14
2
2

17
7
12
8
9

12
22

Zn
94
56
74
128

1203
172
177
203
186
188
135
61
78

159
344
165
179
146
222
97

156
263
70
58

211
358
121
108
218
238
163
196
239
100
77

264
474
121
131
128
142
71

326
286
90
106
365
400
268
221
119
247
404
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Map Coord ina t e s and Concentrat ion V a l u e s f o r S u r f a c e s o i l s f r o m 8 Res id en t ia l P r o p e r t i e s
M a p #
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
M a p 3
Map 3
Map 3Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3Map 3
Map 3
Map 3Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3

F i e l d I D
C 4 8 5 0 A D F - 0 5 7
C4850ADF-047
C4850ADF-037
C4850ADF-027
C 4 8 5 0 A D F - 0 1 7
C4850ADF-007
C 4 8 5 0 A D F - 1 0 8
C4850ADF-098
C4850ADF-088
C4850ADF-078
C 4 8 5 0 A D F - 0 6 8
C4850ADF-058
C4850ADF-048
C 4 8 5 0 A D F - 0 3 8
C4850ADF-028
C 4 8 5 0 A D F - 0 1 8
C4850ADF-008
C 4 8 5 0 A D F - 1 0 9
C4850ADF-099
C 4 8 5 0 A D F - 0 8 9
C4850ADF-079
C4850ADF-069
C4850ADF-059
C4850ADF-049
C 4 8 5 0 A D F - 0 3 9
C 4 8 5 0 A D F - 0 2 9
C 4 8 5 0 A D F - 0 1 9
C 4 8 5 0 A D F - 0 0 9
C 4 8 5 0 A D F - 1 1 0
C 4 8 5 0 A D F - 1 0 0
C4850ADF-090
C4850ADF-080
C4850ADF-070
C4850ADF-060
C4850ADF-020
C 4 8 5 0 A D F - 0 1 0
C4850ADS-001
C4850ADN-001
C4850ADS-002
C4850ADN-002
C4850ADS-003
C 4 8 5 0 A D N - 0 0 3
C4850ADS-004
C 4 8 5 0 A D N - 0 0 4
C4850ADS-005
C 4 8 5 0 A D N - 0 0 5
C4850ADB-131
C 4 8 5 0 A D B - 1 1 8
C4850ADB-105
C4850ADB-092
C4850ADB-079
C4850ADB-066
C4850ADB-001

C A D I D
F-57
F-47
F-37
F-27
F-17

F-7
F - 1 0 8
F-98
F-88
F-78
F-68
F-58
F-48
F-38
F-28
F - 1 8

F-8
F-109
F-99
F-89
F-79
F-69
F - 5 9
F-49
F-39
F-29
F - 1 9

F-9
F - 1 1 0
F-100
F-90
F-80
F-70
F-60
F-20
F - 1 0
S S - 1
S N - 1
S S - 2
S N - 2
S S - 3
S N - 3
S S - 4
S N - 4
S S - 5
S N - 5

B-131
B-118
B-105
B-92
B-79
B-66

B-1

X-Coord
6.0
6.0
6.0
6.0
6.0
6.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0

10.0
10.0
11.0
11.0
12.0
12.0
13.0
13.0
14.0
14.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0

Y-Coord
5.0
6.0
7.0
8.0
9.0

10.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
0.0
1.0
2.0
3.0
4.0
5.0
9.0

10.0
1.0
9.0
1.0
9.0
1.0
9.0
1.0
9.0
1.0
9.0
0.0
1.0
2.0
3.0
4.0
5.0

10.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration ( p p m )
As
988
775
72
66

653
226
749
530
483
450
739
714
422
74
34

887
182
658
369
304
339
540
138
401
127
139
653
58

617
749
912
291
183
147
142
83

444
9

958
58

416
75

281
25
65
65
52
82
57
99
165
74
87

Pb
767
507
73
84

473
231
664
447
364
376
457
440
294
92
51

684
266
611
308
188
204
313
148
359
171
314
642
109
338
622
612
302
220
206
181
127
386
106
895
174
428
142
383
121
186
120
218
255
172
193
297
78
100

Cd
5

10
4
2
6
6

18
10
10
10
9

12
10
2
4
9
7
12
12
6
6

10
5

10
6
5

11
6
9
9
8
8

10
7
8
7
9
4

11
6

11
5
5
7
5
7
7
5
2
5
5
4
4

Zn
156
302
117
99

257
423
334
198
195
225
196
256
225
128
120
267
517
420
206
185
153
225
158
288
183
208
301
369
279
328
206
237
210
247
493
354
237
361
385
365
389
292
251
277
221
280
524
478
249
214
354
239
354
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Map C o o r d i n a t e s and Concentra t i on V a l u e s f o r S u r f a c e s o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s
M a p *
Map 3
M a p 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
M a p 3
Map 3
M a p S
Map 3
Map 3
Map 3
Map 3
Map 3
M a p S
Map 3
Map 3
Map 3
M a p S
M a p S
M a p S
M a p S
Map 3
Map 3
M a p S
Map 3
Map 3
M a p S
Map 3
Map 3
Map 3
M a p S
M a p S
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
M a p S
M a p S
Map 3
M a p S
Map 3
Map 3
Map 3
M a p S

F i e l d I D
C4850ADB-132
C4850ADB-119
C4850ADB-106
C4850ADB-093
C4850ADB-080
C4850ADB-041
C4850ADB-002
C4850ADB-133
C4850ADB-120
C4850ADB-107
C4850ADB-094
C4850ADB-081
C4850ADB-134
C4850ADB-095
C4850ADB-082
C4850ADB-069
C4850ADB-056
C4850ADB-043
C4850ADB-030
C4850ADB-017
C4850ADB-004
C4850ADB-135
C4850ADB-122
C4850ADB-109
C4850ADB-096
C4850ADB-083
C4850ADB-070
C4850ADB-057
C4850ADB-031
C4850ADB-018
C4850ADB-005
C4850ADB-136
C4850ADB-123
C4850ADB-110
C4850ADB-097
C4850ADB-084
C4850ADB-071
C4850ADB-058
C4850ADB-032
C4850ADB-019
C4850ADB-006
C4850ADB-137
C4850ADB-124
C4850ADB-111
C4850ADB-098
C4850ADB-085
C4850ADB-072
C4850ADB-059
C4850ADB-033
C4850ADB-020
C4850ADB-007
C4850ADB-138
C4850ADB-125

CAD ID
B-132
B-119
B-106
B-93
B-80
B-41
B-2

B-133
B-120
B-107
B-94
B-81

B-134
B-95
B-82
B-69
B-56
B-43
B-30
B-17
B-4

B-135
B-122
B-109
B-96
B-83
B-70
B-57
B-31
B-18
B-5

B-136
B-123
B-110
B-97
B-84
B-71
B-58
B-32
B-19

B-6
B-137
B-124
B-111
B-98
B-85
B-72
B-59
B-33
B-20
B-7

B-138
B-125

X-Coord
16.0
16.0
16.0
16.0
16.0
16.0
16.0
17.0
17.0
17.0
17.0
17.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
19.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
22.0
22.0

Y-Coord
0.0
1.0
2.0
3.0
4.0
7.0
10.0
0.0
1.0
2.0
3.0
4.0
0.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
8.0
9.0
10.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
8.0
9.0
10.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
8.0
9.0
10.0
0.0
1.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration (
As
673
414
617
474
249

9
44

504
244
306
800
293
235
229
673
1080
607
239
226
315
85

239
266
226
586
1242
472
282
419
251
30

171
180
169
163
683
400
449
463
435
75
93

191
91

136
673
887
465
390
257

9
146
451

3 p m ) Pb
311
361
254
256
251
246
88

472
201
214
376
229
463
158
406
492
410
275
281
285
90

405
164
166
261
527
286
220
382
272
92

280
111
109
153
354
271
385
611
431
94

136
148
122
241
351
399
263
429
313
80

157
198

Cd
9
4
7
5
2
4
2

10
5
6
6
5
5
2
8
8
5
6
6
8
7
6
6
5
6
10
7
5
7

10
5
6
6
6
7
5
8
7
7
10
5
4
6
4
4
6
6
8
9
7
5
5
7

Zn
309
169
150
119
224
173
322
331
123
142
153
156
237
93

178
165
185
182
193
482
280
294
121
180
135
179
158
129
203
204
582
350
120
128
104
107
123
143
178
277
288
314
119
247
131
140
106
150
150
200
277
228
137
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Map Coordinate s and Concentration V a l u e s for S u r f a c e s o i l s f r o m 8 Res id en t ia l Proper t i e s
M a p #
M a p S
M a p 3
M a p S
Map 3
Map 3
Map 3
M a p S
Map 3
Map 3
M a p S
M a p S
M a p S
M a p S
Map 3
Map 3
Map 3
Map 3
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
Map 3
Map 3
Map 3
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
Map 3
M a p S
Map 3
Map 3
Map 3
Map 3
M a p S
Map 3
M a p S
M a p S
M a p S
M a p S
Map 3
Map 3
Map 3
M a p S
Map 4
Map 4
Map 4

F i e l d I D
C4850ADB-112
C4850ADB-099
C4850ADB-086
C4850ADB-073
C4850ADB-060
C4850ADB-034
C4850ADB-021
C4850ADB-008
C4850ADB-139
C4850ADB-126
C4850ADB-113
C4850ADB-100
C4850ADB-087
C4850ADB-074
C4850ADB-061
C4850ADB-035
C4850ADB-022
C4850ADB-009
C4850ADB-101
C4850ADB-088
C4850ADB-075
C4850ADB-062
C4850ADB-036
C4850ADB-023
C4850ADB-010
C4850ADB-141
C4850ADB-115
C4850ADB-102
C4850ADB-089
C4850ADB-076
C4850ADB-063
C4850ADB-037
C4850ADB-024
C4850ADB-01 1
C4850ADB-142
C4850ADB-116
C4850ADB-103
C4850ADB-090
C4850ADB-077
C4850ADB-064
C4850ADB-038
C4850ADB-025
C4850ADB-012
C4850ADB-143
C4850ADB-130
C4850ADB-117
C4850ADB-104
C4850ADB-091
C4850ADB-078
C4850ADB-065
C 4 7 7 1 V I B A - 0 0 4
C 4 7 7 1 V I B A - 0 0 3
C 4 7 7 1 V I B A - 0 0 2

C A D I D
B-112
B-99
B-86
B-73
B-60
B-34
B-21
B-8

B-139
B-126
B-113
B-100
B-87
B-74
B-61
B-35
B-22
B-9

B-101
B-88
B-75
B-62
B-36
B-23
B-10

B-141
B-115
B-102
B-89
B-76
B-63
B-37
B-24
B-11

B-142
B-116
B-103
B-90
B-77
B-64
B-38
B-25
B-12

B-143
B-130
B-117
B-104
B-91
B-78
B-65
A-4
A-3
A-2

X-Coord
22.0
22.0
22.0
22.0
22.0
22.0
22.0
22.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
24.0
24.0
24.0
24.0
24.0
24.0
24.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
26.0
26.0
26.0
26.0
26.0 .
26.0
26.0
26.0
26.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0
0.0
0.0
0.0

Y-Coord
2.0
3.0
4.0
5.0
6.0
8.0
9.0
10.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
8.0
9.0

10.0
3.0
4.0
5.0
6.0
8.0
9.0
10.0
0.0
2.0
3.0
4.0
5.0
6.0
8.0
9.0
10.0
0.0
2.0
3.0
4.0
5.0
6.0
8.0
9.0
10.0
0.0
1.0
2.0
3.0
4.0
5.0
6.0
1.0
2.0
3.0

Concentrat ion ( p p m )
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

As Pb Cd Zn
105
295
1550
1095
437
253
405
29
96

214
217
540
607
780
441
556
1060

41
244
556
484
1120
637
688
59
55

183
309
432
330
324
363
73
78
49
176

1100
1125
375
487
202
53
31
55

119
33
57
73
35
56
9

20
9

198
245
568
467
290
188
303
85

171
123
142
363
287
376
325
381
883
100
269
263
299
601
454
608
80

171
184
162
286
193
188
300
89
103
134
149
875
592
206
262
213
62
58
84

201
164
166
122
126
83

1937
1581
602

2
5
8
9
8
6
7
2
6
2
2
6
5
5
6
7
14
2
2
4
5
7
8
5
6
5
6
5
7
2
6
2
2
6
6
5
9
6
2
7
7
5
2
2
5
6
4
5
2
5

11
7
5

158
123
140
171
135
144
222
330
344
125
176
133
120
120
120
183
412
340
107
141
125
144
212
234
381
497
223
98

116
98
97

119
95

218
385
251
262
110
110
126
263
156
220
229
404
290
396
311
377
160

1455
1327
738

a p p D.xl s D15



Map Coordinates and Concentration Value s for S u r f a c e soils f r o m 8 Residential Proper t i e s
M a p *
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4

F i e l d I D
C4771VIB-016
C 4 7 7 1 V I B - 0 1 1
C4771VIB-006
C 4 7 7 1 V I B - 0 0 1
C 4 7 7 1 V I B - 0 1 7
C 4 7 7 1 V I B - 0 1 2
C4771VIB-007
C 4 7 7 1 V I B - 0 1 8
C 4 7 7 1 V I B - 0 1 3
C 4 7 7 1 V I B - 0 0 8
C4771VIB-034
C4771VIB-029
C 4 7 7 1 V I B - 0 2 4
C 4 7 7 1 V I B - 0 1 9
C 4 7 7 1 V I B - 0 1 4
C4771VIB-009
C 4 7 7 1 V I B - 0 0 4
C4771VIB-040
C 4 7 7 1 V I B - 0 3 5
C4771VIB-030
C 4 7 7 1 V I B - 0 2 5
C4771VIB-020
C 4 7 7 1 V I B - 0 1 5
C4771VIB-010
C 4 7 7 1 V I B - 0 0 5
C4771 V I S - 0 0 1
C 4 7 7 1 V I N - 0 0 1
C 4 7 7 1 V I S - 0 0 2
C 4 7 7 1 V I N - 0 0 2
C4771 V I S - 0 0 3
C 4 7 7 1 V I N - 0 0 3
C4771 V I S - 0 0 4
C4771 V I M - 0 0 4
C4771 V I S - 0 0 5
C4771 V I M - 0 0 5
C4771 V I S - 0 0 6
C4771 V I M - 0 0 6
C4771 V I S - 0 0 7
C 4 7 7 1 V I N - 0 0 7
C4771 V I S - 0 0 8
C4771 V I M - 0 0 8
C4771 V I S - 0 0 9
C4771 V I M - 0 0 9
C4771 V I S - 0 1 0
C4771 V I M - 0 1 0
C4771 V I S - 0 1 1
C4771 VIS-01 2
C 4 7 7 1 V I F - 0 4 9
C 4 7 7 1 V I F - 0 4 3
C 4 7 7 1 V I F - 0 2 5
C 4 7 7 1 V I F - 0 1 3
C 4 7 7 1 V I F - 0 0 7
C 4 7 7 1 V I F - 0 0 1

C A D I D
B-16
B-11
B-6
B-1

B-17
B-1 2
B-7

B-1 8
B-13
B-8

B-34
B-29
B-24
B-1 9
B-1 4
B-9
B-4

B-40
B-35
B-30
B-25
B-20
B-15
B-10
B-5

S S - 1
N S - 1
S S - 2
N S - 2
S S - 3
N S - 3
S S - 4
N S - 4
S S - 5
N S - 5
S S - 6
N S - 6
S S - 7
N S - 7
S S - 8
N S - 8
S S - 9
N S - 9

S S - 1 0
M S - 1 0
S S - 1 1
S S - 1 2

F-49
F-43
F-25
F - 1 3

F-7
F - 1

X-Coord
3.0
3.0
3.0
3.0
4.0
4.0
4.0
5.0
5.0
5.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
8.0
8.0
9.0
9.0

10.0
10.0
11.0
11.0
12.0
12.0
13.0
13.0
14.0
14.0
15.0
15.0
16.0
16.0
17.0
17.0
18.0
19.0
20.0
20.0
20.0
20.0
20.0
20.0

Y-Coord
5.0
6.0
7.0
8.0
5.0
6.0
7.0
5.0
6.0
7.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
1.0
8.0
1.0
8.0
1.0
8.0
1.0
8.0
1.0
8.0
1.0
8.0
1.0
8.0
1.0
8.0
1.0
8.0
1.0
8.0
1.0
1.0
0.0
1.0
4.0
6.0
7.0
8.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration ( p p m )
As

1328
254

9
73

115
2272
1095
1252
1222
933
107
596
632
719
93

928
9

28
171
805
647
320
25

233
52
70

214
133
255
116
18
64
9

744
114

1282
31

1962
50

1186
9

2536
9

713
46

1039
658

9
1110

36
9

800
9

Pb
1030
433
345
299
393
1889
1425
1784
1756
1601
619
1010
1659
1175
263

1216
474
371
692

1765
1355
592
1434
807
257
565
406
575
661
603
292
838
880
946
784

1375
1155
2731
422
1688
565

1813
1145
931
649
1145
933
419
1395
490
750
1640
257

Cd
15
12
7
6
7

15
14
22
15
19
11
13
23
14
5
9
7
5
9

16
20
8
9
8
6
9
5
9
10
8
6
8
9

14
10
39
13
28
6

29
12
23
13
16
12
11
14
14
15
15
13
20
6

Zn
528
431
486
392
478
567
606
652
520
420
381
792
939
341
166
377
392
330
392
582
575
435
1218
439

1110
358
247
439
474
373
462
536
551
416
625
1242
1032
726
427

1195
846
598
1164
474
772
420
389
920
470
563
617
579
831
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Map Coordinates and Concentration Values for S u r f a c e soil s f r o m 8 Residential Propert i e s
M a p #
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
M a p 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5

F i e l d I D
C 4 7 7 1 V I F - 0 4 4
C 4 7 7 1 V I F - 0 3 8
C 4 7 7 1 V I F - 0 3 2
C 4 7 7 1 V I F - 0 2 6
C 4 7 7 1 V I F - 0 1 4
C 4 7 7 1 V I F - 0 0 8
C 4 7 7 1 V I F - 0 0 2
C 4 7 7 1 V I F - 0 5 1
C 4 7 7 1 V I F - 0 4 5
C 4 7 7 1 V I F - 0 3 9
C 4 7 7 1 V I F - 0 3 3
C 4 7 7 1 V I F - 0 2 7
C 4 7 7 1 V I F - 0 1 5
C 4 7 7 1 V I F - 0 0 9
C 4 7 7 1 V I F - 0 0 3
C 4 7 7 1 V I F - 0 5 2
C 4 7 7 1 V I F - 0 4 6
C 4 7 7 1 V I F - 0 4 0
C 4 7 7 1 V I F - 0 3 4
C 4 7 7 1 V I F - 0 1 6
C 4 7 7 1 V I F - 0 1 0
C 4 7 7 1 V I F - 0 0 4
C 4 7 7 1 V I F - 0 4 7
C 4 7 7 1 V I F - 0 3 5
C 4 7 7 1 V I F - 0 5 4
C 4 7 7 1 V I F - 0 4 8
C 4 7 7 1 V I F - 0 4 2
C 4 7 7 1 V I F - 0 3 0
C 4 7 7 1 V I F - 0 2 4
C 4 7 7 1 V I F - 0 1 8
C 4 7 7 1 V I F - 0 1 2
C 4 7 7 1 V I F - 0 0 6
C200047B-138
C200047B-128
C200047B-118
C200047B-108
C200047B-098
C200047B-088
C200047B-078
C200047B-068
C200047B-058
C200047B-048
C200047B-038
C200047B-028
C200047B-008
C200047B-139
C200047B-129
C200047B-119
C200047B-109
C200047B-099
C200047B-089
C200047B-079

C A D I D
F-44
F-38
F-32
F-26
F - 1 4

F-8
F - 2

F-51
F-45
F-39
F-33
F-27
F - 1 5

F-9
F - 3

F-52
F-46
F-40
F-34
F-16
F - 1 0

F-4
F-47
F-35
F-54
F-48
F-42
F-30
F-24
F - 1 8
F - 1 2

F-6
B-138
B-128
B-118
B-108
B-98
B-88
B-78
B-68
B-58
B-48
B-38
B-28
B-8

B-139
B-129
B-119
B-109

B-99
B-89
B-79

X-Coord
21.0
21.0
21.0
21.0
21.0
21.0
21.0
22.0
22.0
22.0
22.0
22.0
22.0
22.0
22.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
24.0
24.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

Y-Coord
1.0
2.0
3.0
4.0
6.0
7.0
8.0
0.0
1.0
2.0
3.0
4.0
6.0
7.0
8.0
0.0
1.0
2.0
3.0
6.0
7.0
8.0
1.0
3.0
0.0
1.0
2.0
4.0
5.0
6.0
7.0
8.0
1.4
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
15.0
1.4
3.0
4.0
5.0
6.0
7.0
8.0

Concentrat ion ( p p m )
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

As | Pb Cd Zn
1014
437
72

443
1469
647
35

223
1338
688
821
912
1530
1262

9
9
9
9
9
9

40
9

902
434
1700
111
688
499
37

386
525
1277
775
199

1897
688
75

617
351

9
303
390
213
233
138
53

137
255

2685
2660
324
321
190

2263
1870
539

1784
2254
1484
308
627

1611
1908
1889
2171
2757
3127
347
106
414
505
341
433
388
355
1145
718

1842
531
1054
917
93

755
1444
1804
901
681
1493
736
428
651
437
262
542
471
497
568
326
176
391
547

1053
1355
594
702
650

14
22
12
18
16
17
5

26
17
17
18
12
25
18
8
2
5
8
7

11
9
9

14
12
22
16
11
14
4
15
17
24
12
12
18
14
7

14
7
7
8
7

10
11
7
5
7
8

16
16
12
12
12

462
652
431
482
645
517
505
1308
328
404
427
389
482
447
629
306
443
517
536
486
520
555
392
327
462
1063
493
349
63

369
439
470
389
338
427
381
354
341
381
354
427
427
458
555
517
226
334
439
400
329
427
373
377
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Map C o o r d i n a t e s and Concentra t ion V a l u e s f o r S u r f a c e s o i l s f r o m 8 R e s i d e n t i a l Proper t i e s
M a p *
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
M a p 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
M a p 5
M a p S
Map 5
Map 5
Map 5
Map 5
Map 5Map 5
Map 5
Map 5
M a p S
Map 5
Map 5

F i e l d I D
C200047B-069
C200047B-059
C200047B-049
C200047B-039
C200047B-029
C200047B-009
C200047B-140
C200047B-120
C200047B-110
C200047B-100
C200047B-090
C200047B-080
C200047B-070
C200047B-060
C200047B-050
C200047B-040
C200047B-030
C200047B-010
C 4 6 9 1 V I B - 0 8 5
C 4 6 9 1 V I B - 0 5 7
C4691VIB-050
C 4 6 9 1 V I B - 0 4 3
C 4 6 9 1 V I B - 0 3 6
C 4 6 9 1 V I B - 0 2 9
C 4 6 9 1 V I B - 0 2 2
C 4 6 9 1 V I B - 0 1 5
C 4 6 9 1 V I B - 0 0 1
C 4 6 9 1 V I B - 0 8 6
C 4 6 9 1 V I B - 0 7 2
C 4 6 9 1 V I B - 0 6 5
C4691VIB-058
C 4 6 9 1 V I B - 0 5 1
C 4 6 9 1 V I B - 0 4 4
C 4 6 9 1 V I B - 0 3 7
C 4 6 9 1 V I B - 0 3 0
C 4 6 9 1 V I B - 0 2 3
C 4 6 9 1 V I B - 0 1 6
C 4 6 9 1 V I B - 0 0 2
C 4 6 8 3 V I B - 0 1 1
C 4 6 8 3 V I B - 0 0 6
C4683V1B-001
C 4 6 9 1 V I B - 0 8 7
C 4 6 9 1 V I B - 0 7 3
C 4 6 9 1 V I B - 0 6 6
C 4 6 9 1 V I B - 0 5 9
C 4 6 9 1 V I B - 0 5 2
C 4 6 9 1 V I B - 0 4 5
C 4 6 9 1 V I B - 0 3 1
C 4 6 9 1 V I B - 0 2 4
C 4 6 9 1 V I B - 0 1 7
C 4 6 9 1 V I B - 0 0 3
C 4 6 8 3 V I B - 0 0 2
C 4 6 9 1 V I B - 0 8 8

C A D I D
B-69
B-59
B-49
B-39
B-29
B-9

B-140
B-120
B-110
B-100
B-90
B-80
B-70
B-60
B-50
B-40
B-30
B-10
B-85
B-57
B-50
B-43
B-36
B-29
B-22
B-15

B-1
B-86
B-72
B-65
B-58
B-51
B-44
B-37
B-30
B-23
B-16
B-2

B-11
B-6
B-1

B-87
B-73
B-66
B-59
B-52
B-45
B-31
B-24
B-17
B-3
B-2

B-88

X-Coord
1.0
1.0
1.0
1.0
1.0
1.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
13.0
13.0

Y-Coord
9.0

10.0
11.0
12.0
13.0
15.0
1.4
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
15.0
3.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
15.0
3.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
15.0
0.0
1.0
2.0
3.0
5.0
6.0
7.0
8.0
9.0

11.0
12.0
13.0
15.0
2.0
3.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration ( p p m )As
493
293
94

205
102
105
83
140

1338
2127
410
1257
341
346
181
215
127
103

3041
315
75

121
70
143
892

3552
165

5429
2456
2476
410
1277
1686
4103
2838
363

1510
398
56
29
54

2272
887

1651
1701
576
902

2769
968

1378
121
65

963

Pb
596
478
454
470
242
232
422
743
818
812
829
783
578
631
505
512
233
144

1513
1135
505
532
796
587
1040
4210
168

2775
4143
2171
909

2087
1727
2482
2695
556

1775
954
49
163
410

2106
1286
2282
2254
1325
1306
1832
1493
1395
150
411
1316

Cd
11
8
9
9
8
2
6
7
13
15
10
12
12
9

10
9
2
2

19
10
7
9

11
9
10
28
2

22
23
18
9

17
14
13
17
11
19
8
2
6
2

22
12
20
20
15
17
15
16
15
2
6

21

Zn
447
443
462
427
486
344
377
528
637
451
451
361
458
524
505
517
317
193

1172
885
741
699
959
629

3526
517
236

1540
738
672
470
455
431
439
590
598
707
474
131
247
1001
586
478
590
563
474
846621
718
931
228

1001
648
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Map Coordinat e s and Concentra t ion V a l u e s f o r S u r f a c e s o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s
M a p #
Map 5
Map 5
Map 5
Map 5
Map 5
M a p S
Map 5
Map 5
Map 5
M a p 5
M a p S
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
M a p S
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
M a p S
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
M a p S
Map 5
M a p S
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
M a p S

F i e l d I D
C 4 6 9 1 V I B - 0 7 4
C 4 6 9 1 V I B - 0 6 7
C4691VIB-060
C 4 6 9 1 V I B - 0 5 3
C 4 6 9 1 V I B - 0 4 6
C4691VIB-039
C4691VIB-025
C 4 6 9 1 V I B - 0 1 8
C4691VIB-004
C4683VIB-013
C 4 6 8 3 V I B - 0 0 8
C 4 6 9 1 V I B - 0 8 2
C4691VIB-075
C 4 6 9 1 V I B - 0 6 8
C 4 6 9 1 V I B - 0 6 1
C 4 6 9 1 V I B - 0 5 4
C 4 6 9 1 V I B - 0 4 7
C 4 6 9 1 V I B - 0 3 3
C 4 6 9 1 V I B - 0 2 6
C 4 6 9 1 V I B - 0 1 9
C 4 6 9 1 V I B - 0 0 5
C4683VIB-009
C4691VIB-090
C 4 6 9 1 V I B - 0 8 3
C4691VIB-076
C4691VIB-069
C 4 6 9 1 V I B - 0 5 5
C4691VIB-048
C4691VIB-041
C 4 6 9 1 V I B - 0 3 4
C 4 6 9 1 V I B - 0 2 7
C4691VIB-020
C 4 6 9 1 V I B - 0 0 6
C 4 6 8 3 V I B - 0 1 5
C 4 6 8 3 V I B - 0 1 0
C4683VIB-005
C 4 6 9 1 V I B - 0 8 4
C 4 6 9 1 V I B - 0 7 7
C 4 6 9 1 V I B - 0 7 0
C 4 6 9 1 V I B - 0 6 3
C4691VIB-056
C4691VIB-049
C 4 6 9 1 V I B - 0 4 2
C4691VIB-035
C4691VIB-028
C 4 6 9 1 V I B - 0 2 1
C4691VIB-007
C 4 6 9 1 V I N - 0 6 1
C 4 6 9 1 V I N - 0 4 6
C 4 6 9 1 V I N - 0 0 1
C 4 6 9 1 V I N - 0 6 2
C4691 V I M - 0 4 7
C 4 6 9 1 V I N - 0 3 2

CAD ID
B-74
B-67
B-60
B-53
B-46
B-39
B-25
B-18
B-4

B-13
B-8

B-82
B-75
B-68
B-61
B-54
B-47
B-33
B-26
B-19
B-5
B-9

B-90
B-83
B-76
B-69
B-55
B-48
B-41
B-34
B-27
B-20
B-6

B-15
B-10
B-5

B-84
B-77
B-70
B-63
B-56
B-49
B-42
B-35
B-28
B-21
B-7

N S - 6 1
N S - 4 6

N S - 1
N S - 6 2
N S - 4 7
N S - 3 2

X-Coord
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
17.0
17.0
17.0
18.0
18.0
18.0

Y-Coord
5.0
6.0
7.0
8.0
9.0
10.0
12.0
13.0
15.0
0.0
1.0
4.0
5.0
6.0
7.0
8.0
9.0
11.0
12.0
13.0
15.0
1.0
3.0
4.0
5.0
6.0
8.0
9.0

10.0
11.0
12.0
13.0
15.0
0.0
1.0
2.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
15.0
11.0
12.0
15.0
11.0
12.0
13.0

Concentration ( p p m )
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

| As | Pb | Cd { Zn
2122
760
1917
846
1676
7165
3223
3498
44
38
9

13171
3041
922

2122
3095
3006
2878
3228
2391

74
20

2461
96

780
2097
2570
5239
3454
1535
2446
1479
100

9
9
9

3796
795

3169
2848
3424

85
4224
2247
2779
2709
138
100

3874
42
137

3928
1469

2687
1405
2236
1165
1659
4008
2464
1775
131
15
87

2982
3635
1669
2069
2535
2003
2598
2544
1870
161
101

1155
629
930

3194
1851
2364
2965
2217
2236
1345
136
104
694
583

2069
980

2097
1226
1345
142

2775
3127
2336
2217
133
174

2236
68

181
2713
987

25
10
16
17
1.8
25
17
18
2
2
2
17
19
13
22
20
26
14
19
21
5
2
15
7

11
23
17
18
16
15
20
25
2
2
2
6

20
8
9

13
11
5

27
15
18
16
5
5

16
2
4
16
20

602
885
540
858
858
486
668
741
239
80
149
796
745
447
482
517
458
482
745
788
255
216
660
997
738
606
536
497
548
598
897
982
235
219
827
943
854
544
497
396
594
203
606
606
842
819
190
332
594
125
311
540

1125
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M a p C o o r d i n a t e s a n d Concentrat ion V a l u e s f o r S u r f a c e s o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s
M a p *
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
M a p 5
Map 5
Map 5
Map 5
Map 5
M a p 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
M a p S
M a p 5
Map 5
Map 5
Map 5
Map 5
M a p S
Map 5
M a p S
Map 5
Map 5
Map 5
M a p S
Map 5
Map 5
Map 5
Map 5
M a p S
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
M a p S
Map 5

F i e l d I D
C 4 6 9 1 V I N - 0 0 2
C4691 V I M - 0 6 3
C 4 6 9 1 V 1 N - 0 4 8
C4691 V I M - 0 3 3
C4691 V I M - 0 0 3
C4691 V I M - 0 6 4
C4691 V I M - 0 4 9
C4691 V I M - 0 3 4
C4691 V I M - 0 0 4
C4691 V I M - 0 6 5
C4691 V I M - 0 5 0
C4691 V I M - 0 3 5
C4691 V I M - 0 2 0
C4691 V I M - 0 0 5
C4691 V I M - 0 6 6
C469 W I N - 0 5 1
C4691 V I M - 0 3 6
C4691 V I M - 0 0 6
C4691 V I M - 0 6 7
C 4 6 9 1 V I N - 0 5 2
C4691 V I M - 0 3 7
C4691 V I M - 0 0 7
C4691 V I M - 0 6 8
C4691 V I M - 0 5 3
C4691 V I M - 0 3 8
C 4 6 9 1 V I N - 0 0 8
C 4 6 9 1 V I N - 0 6 9
C4691 V I M - 0 5 4
C4691 V I M - 0 3 9
C4691 V I M - 0 0 9
C4691 V I M - 0 7 0
C4691 V I M - 0 5 5
C4691 V I M - 0 4 0
C4691 V I M - 0 1 0
C 4 6 8 3 V I F - 0 0 7
C 4 6 8 3 V I F - 0 0 1
C 4 6 9 1 V I F - 0 0 1
C4691 V I M - 0 7 1
C 4 6 9 1 V I N - 0 5 6
C4691 V I M - 0 4 1
C4691 V I M - 0 1 1
C 4 6 8 3 V I F - 0 1 4
C 4 6 8 3 V I F - 0 0 8
C 4 6 8 3 V I F - 0 0 2
C 4 6 9 1 V I F - 0 1 7
C 4 6 9 1 V I F - 0 1 2
C 4 6 9 1 V I F - 0 0 2
C 4 6 9 1 V I N - 0 7 2
C4691 V I M - 0 5 7
C4691 V I M - 0 4 2
C 4 6 9 1 V 1 N - 0 1 2
C 4 6 8 3 V I F - 0 1 5
C 4 6 8 3 V I F - 0 0 9

C A D I D
N S - 2

M S - 6 3
M S - 4 8
M S - 3 3

N S - 3
MS-64
MS-49
M S - 3 4

N S - 4
M S - 6 5
M S - 5 0
M S - 3 5
M S - 2 0

N S - 5
M S - 6 6
N S - 5 1
M S - 3 6

N S - 7
M S - 6 7
M S - 5 2
MS-37

N S - 8
M S - 6 8
M S - 5 3
N S - 3 8
N S - 8 A
M S - 6 9
M S - 5 4
M S - 3 9

N S - 9
MS-70
M S - 5 5
N S - 4 0
M S - 1 0

F-7
F - 1
F - 1

M S - 7 1
M S - 5 6
M S - 4 1
M S - 1 1

F-1 4
F-8
F - 2

F-1 7
F-1 2

F-2
N S - 7 2
M S - 5 7
MS-42
M S - 1 2

F-1 5
F-9

X-Coord
18.0
19.0
19.0
19.0
19.0
20.0
20.0
20.0
20.0
21.0
21.0
21.0
21.0
21.0
22.0
22.0
22.0
22.0
23.0
23.0
23.0
23.0
24.0
24.0
24.0
24.0
25.0
25.0
25.0
25.0
26.0
26.0
26.0
26.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0
28.0
28.0
28.0
28.0
28.0
28.0
28.0
28.0
28.0
28.0
29.0
29.0

Y-Coord
15.0
11.0
12.0
13.0
15.0
11.0
12.0
13.0
15.0
11.0
12.0
13.0
14.0
15.0
11.0
12.0
13.0
15.0
11.0
12.0
13.0
15.0
11.0
12.0
13.0
15.0
11.0
12.0
13.0
15.0
11.0
12.0
13.0
15.0
1.0
2.0
9.7

11.0
12.0
13.0
15.0
0.0
1.0
2.0
6.7
7.7
9.7

11.0
12.0
13.0
15.0
0.0
1.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration (
As
66

6654
5334
1464
100

11657
8898
1100

85
9656
5048
1867
3218

60
11913
3816
1054

78
16176
7165
1232
28

5903
622
515
73

6701
1303
882
64

3576
4519
365
51
64

127
261

3134
3630
1666
109
68
68

126
4904
4952
3311
2312
622
1585

83
148
348

j p m ) Pb
105

2957
3093
1296

66
3947
2991
870
178

5072
2625
1316
2616
113

4680
1640
992
153

4061
3595
955
218

4527
813
485
140

3706
1145
842
141

2642
2050
294
123
582
547
540

2965
3722
1395
155
445
591
290

2263
3152
2400
2291
728
1226
109
402
624

Cd
2

24
19
19
2

26
20
14
2

26
18
18
25
2

27
22
18
2

20
18
20
2

21
8
8
2
19
10
14
5

22
19
4
2
5
8
8

16
18
23
2
7
10
5

15
21
30
13
12
17
5
5

14

Zn
195
594
582

1121
134

1083
575

1098
246

1284
676

1203
633
193

1234
633
990
250
1478
594
900
245
532
427
749
249
780
513
1017
245
633
513
392
261
738
784
482
645
536

1075
281
683
687
559
555
645
1439
567
536

1226
206
823
1025
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Map Coordinates and Concentration Value s for S u r f a c e soi l s f r o m 8 Residential Proper t i e s
M a p #
Map 5
M a p 5
Map 5
Map 5
Map 5
Map 5
M a p 5
M a p S
M a p S
M a p S
M a p S
Map 5
Map 5
M a p S
Map 5
Map 5
M a p S
Map 5
Map 5
M a p S
M a p S
Map 5
Map 5
Map 5
Map 5
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6

F i e l d I D
C 4 6 8 3 V I F - 0 0 3
C 4 6 9 1 V I F - 0 3 8
C 4 6 9 1 V I F - 0 3 3
C 4 6 9 1 V I F - 0 2 8
C 4 6 9 1 V I F - 0 1 8
C 4 6 9 1 V I F - 0 1 3
C 4 6 9 1 V I F - 0 0 3
C4691 V I M - 0 7 3
C 4 6 9 1 V I N - 0 5 8
C4691 V I M - 0 1 3
C 4 6 8 3 V I F - 0 1 7
C 4 6 8 3 V I F - 0 1 1
C 4 6 8 3 V I F - 0 0 5
C 4 6 9 1 V I F - 0 4 0
C 4 6 9 1 V I F - 0 3 0
C 4 6 9 1 V I F - 0 2 5
C 4 6 9 1 V I F - 0 1 0
C 4 6 9 1 V I F - 0 0 5
C 4 6 9 1 V I N - 0 7 5
C4691 V I M - 0 6 0
C4691 V I M - 0 4 5
C4691 VIM-01 5
C4683V1F-018
C 4 6 8 3 V I F - 0 1 2
C 4 6 8 3 V I F - 0 0 6

C 5 0 4 0 S T F - 0 0 1
C5040STF-002
C 5 0 4 0 S T F - 0 0 3
C 5 0 4 0 S T F - 0 0 4
C 5 0 4 0 S T F - 0 0 5
C 5 0 4 0 S T F - 0 0 6
C 5 0 4 0 S T F - 0 0 7
C 5 0 4 0 S T S - 0 0 8
C5040STS-009
C 5 0 4 0 S T S - 0 1 0
C 5 0 4 0 S T S - 0 1 1
C 5 0 4 0 S T S - 0 1 2
C 5 0 4 0 S T S - 0 1 3
C5040STB-014
C5040STB-015
C 5 0 4 0 S T B - 0 1 6
C5040STB-017
C 5 0 4 0 S T B - 0 1 8
C 5 0 4 0 S T B - 0 1 9
C5040STB-020
C5040STB-021
C5040STB-022
C 5 0 4 0 S T F - 0 2 3
C 5 0 4 0 S T F - 0 2 4
C 5 0 4 0 S T F - 0 2 5
C 5 0 4 0 S T F - 0 2 6
C 5 0 4 0 S T F - 0 2 7
C 5 0 4 0 S T F - 0 2 8

C A D I D
F-3

F-38
F-33
F-28
F - 1 8
F - 1 3

F-3
MS-73
M S - 5 8
M S - 1 3

F - 1 7
F - 1 1

F-5
F-40
F-30
F-25
F - 1 0

F-5
MS-75
M S - 6 0
MS-45
M S - 1 5

F - 1 8
F - 1 2
F-6

G001
G002
G003
G004
G005
G006
G007
G008
G009
G010
G011
G012
G013
G014
G015
G016
G017
G018
G019
G020
G021
G022
G023
G024
G025
G026
G027
G028

X-Coord
29.0
29.0
29.0
29.0
29.0
29.0
29.0
29.0
29.0
29.0
31.0
31.0
31.0
31.0
31.0
31.0
31.0
31.0
31.0
31.0
31.0
31.0
32.0
32.0
32.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
2.0
2.0
2.0
2.0
2.0
2.0

Y-Coord
2.0
2.5
3.8
4.8
6.7
7.7
9.7

11.0
12.0
15.0
0.0
1.0
2.0
2.5
4.8
5.8
8.7
9.7
11.0
12.0
13.0
15.0
0.0
1.0
2.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
1.0
2.0
3.0
4.0
5.0
6.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration ( p p m )
As
540
1054
591
882
525
917

1520
2322
2888

86
62
55
46
98

1014
1897
2868
7026
1902
437
34

3208
83
70
98
99

129
91
51
98
99
61
133
92
55
71
71
56
54
25
77
19
43
70
30
55
34
92

134
91
62
134
42

Pb
604
772
905
823
499
1039
1064
2236
3466

65
245
314
268
280
1493
1523
2327
2254
1256
303
265

2445
283
198
246
209
137
172
135
109
138
160
182
200
73
168
114
58

141
104
176
118
101
92
97
75
103
187
211
150
116
167
98

Cd
8

10
23
19
15
16
13
19
24
4
7
8
7
5
15
16
18
18
16
8
2

16
6
5
6
6
5
6
6
2
7
5
2
2
2
2
5
2
2
2
2
2
4
2
5
4
2
7
6
6
4
6
4

Zn
1866
815
800
1544
303
614
668
815
831
113
361
303
296
311
509
761
505
548
532
385
369
528
350
273
254
102
78
86
81
71
87
86
82
99
88

109
72

102
91
81
99
94
90
100
131
106
106
107
110
71
69
80
78
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M a p Coordinate s a n d Concen tra t i on V a l u e s f o r S u r f a c e s o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s
M a p *
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6

F i e l d I D
C 5 0 4 0 S T F - 0 2 9
C 5 0 4 0 S T S - 0 3 0
C 5 0 4 0 S T S - 0 3 1
C5040STS-032
C 5 0 4 0 S T S - 0 3 3
C 5 0 4 0 S T S - 0 3 4
C 5 0 4 0 S T S - 0 3 5
C5040STB-036
C5040STB-037
C5040STB-038
C5040STB-039
C5040STB-040
C5040STB-041
C5040STB-042
C5040STB-043
C5040STB-044
C 5 0 4 0 S T F - 0 4 5
C 5 0 4 0 S T F - 0 4 6
C 5 0 4 0 S T F - 0 4 7
C 5 0 4 0 S T F - 0 4 8
C 5 0 4 0 S T F - 0 4 9
C5040STB-050
C 5 0 4 0 S T B - 0 5 1
C5040STB-052
C5040STB-053
C5040STB-054
C5040STB-055
C5040STB-056
C5040STB-057
C5040STB-058
C 5 0 4 0 S T B - 0 5 9
C5040STF-060
C 5 0 4 0 S T F - 0 6 1
C 5 0 4 0 S T F - 0 6 2
C5040STF-063
C 5 0 4 0 S T F - 0 6 4
C5040STB-065
C5040STB-066
C5040STB-067
C5040STB-068
C5040STB-069
C5040STB-070
C5040STB-071
C5040STB-072
C5040STB-073
C5040STB-074
C5040STB-075
C5040STB-076
C5040STB-077
C 5 0 4 0 S T F - 0 7 8
C 5 0 4 0 S T F - 0 7 9
C 5 0 4 0 S T F - 0 8 0
C 5 0 4 0 S T F - 0 8 1

C A D I D
G029
G030
G031
G032
G033
G034
G035
G036
G037
G038
G039
G040
G041
G042
G043
G044
G045
G046
G047
G048
G049
G050
G051
G052
G053
G054
G055
G056
G057
G058
G059
G060
G061
G062
G063
G064
G065
G066
G067
G068
G069
G070
G071
G072
G073
G074
G075
G076
G077
G078
G079
G080
G081

X-Coord
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
5.0
5.0
5.0
5.0

Y-Coord
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
1.0
2.0
3.0
4.0
5.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
1.0
2.0
3.0
4.0
5.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
1.0
2.0
3.0
4.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration (
As
42
86
48
9

149
37
71
65
91
52
44
66
112
98
49
71
51
69
35
58
64
61

121
183
87
117
90

133
124
34
61

101
52
9

31
65
135
162
105
72

131
106
89

122
87
89
30
54
75
93
81
85
31

p p m ) Pb
164
90
69
66

141
119
79
158
135
126
112
135
104
98
83
98
134
162
74
81
58

136
158
82
87
105
109
172
84
93
62

175
142
82
99
144
469
97

113
51
92
109
60
98

116
136
80

113
108
146
151
124
85

Cd
4
4
4
2
5
5
2
5
2
2
4
7
2
2
4
4
7
5
2
6
5
6
4
5
2
2
4
5
4
2
5
2
6
5
5
5
5
2
2
4
2
5
2
2
7
2
6
5
5
2
5
2
2

Zn
99
80
81
96

166
107
133
100
81
142
68
78
56
69
75

220
88
84
102
87
63

132
100
72
70
72
70
80
99
90
74

155
87
126
253
78
167
94
84
59
69
63
48
74
93
79
90

113
142
89
89
78
76
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Map Coordinates and Concentration Value s for S u r f a c e so i l s f r o m 8 Residential Propert i e s
M a p #
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6

F i e l d I D
C 5 0 4 0 S T F - 0 8 2
C5040STB-083
C5040STB-084
C5040STB-085
C5040STB-086
C5040STB-087
C5040STB-088
C5040STB-089
C5040STB-090
C5040STB-091
C5040STB-092
C 5 0 4 0 S T F - 0 9 3
C 5 0 4 0 S T F - 0 9 4
C5040STF-095
C5040STF-096
C 5 0 4 0 S T F - 0 9 7
C5040STB-098
C5040STB-099
C5040STB-100
C 5 0 4 0 S T B - 1 0 1
C5040STB-102
C 5 0 4 0 S T B - 1 0 3
C5040STB-104
C 5 0 4 0 S T B - 1 0 5
C5040STB-106
C5040STB-107
C 5 0 4 0 S T F - 1 0 8
C 5 0 4 0 S T F - 1 0 9
C 5 0 4 0 S T F - 1 1 0
C 5 0 4 0 S T F - 1 1 1
C 5 0 4 0 S T F - 1 1 2
C5040STB-113
C5040STB-114
C 5 0 4 0 S T B - 1 1 5
C 5 0 4 0 S T B - 1 1 6
C 5 0 4 0 S T B - 1 1 7
C 5 0 4 0 S T B - 1 1 8
C 5 0 4 0 S T B - 1 1 9
C 5 0 4 0 S T B - 1 2 0
C5040STB-121
C5040STB-122
C5040STC-002
C 5 0 4 0 S T F - 1 2 3
C 5 0 4 0 S T F - 1 2 4
C 5 0 4 0 S T F - 1 2 5
C 5 0 4 0 S T F - 1 2 6
C 5 0 4 0 S T F - 1 2 7
C5040STB-128
C 5 0 4 0 S T B - 1 2 9
C 5 0 4 0 S T B - 1 3 0
C 5 0 4 0 S T B - 1 3 1
C 5 0 4 0 S T B - 1 3 2
C 5 0 4 0 S T B - 1 3 3

CAD ID
G082
G083
G084
G085
G086
G087
G088
G089
G090
G091
G092
G093
G094
G095
G096
G097
G098
G099
G100
G101
G102
G103
G104
G105
G106
G107
G108
G109
G110
G 1 1 1
G 1 1 2
G 1 1 3
G114
G 1 1 5
G 1 1 6
G 1 1 7
G 1 1 8
G 1 1 9
G 1 2 0
G 1 2 1
G122
F C - 2
G123
G124
G125
G126
G127
G128
G 1 2 9
G130
G 1 3 1
G 1 3 2
G133

X-Coord
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.5
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0

Y-Coord
5.0

17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
1.0
2.0
3.0
4.0
5.0

17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
1.0
2.0
3.0
4.0
5.0

17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
18.5
1.0
2.0
3.0
4.0
5.0
6.0
7.0
17.0
18.0
19.0
20.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration I
As
9

73
89
62

101
102
88
28
112
110
32
44
63
19
82
46
93
53
71
74
124
122
46
119
97
25

118
67
60
37

136
154
86
96
80

120
142
92
56
124

9
108
100
80
72
52
114
79
9

98
184
123
148

p p m )
Pb

116
58
69
80

105
125
74
104
91

303
97
137
129
126
139
148
161
110
139
84
122
175
93
84
76

101
107
84
58
63
133
197
97

151
104
137
137
109
137
213
118
189
142
127
138
81
106
160
90

287
348
157
287

Cd
4
2
2
2
6
6
2
2
2
8
4
2
5
6
2
5
4
5
5
5
2
2
2
5
4
6
5
2
7
2
6
2
2
5
2
2
5
6
2
6
2
2
4
5
5
5
5
6
6
5
5
2
6

Z t l
92
60
46
42
85
72
74
130
74
120
124
88
97
109
82

109
96
174
107
59
69
78
66
72
71

118
129
65
59
60
71
100
140
76
62
55
51
59
61

102
152
86
81
98
79
59
89

412
197
158
1 1 1
66
90
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M a p Coord ina t e s a n d Concentra t i on V a l u e s f o r S u r f a c e s o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s
M a p *
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6

F i e l d I D
C 5 0 4 0 S T B - 1 3 4
C 5 0 4 0 S T B - 1 3 5
C 5 0 4 0 S T B - 1 3 6
C 5 0 4 0 S T B - 1 3 7
C 5 0 4 0 S T B - 1 3 8
C 5 0 4 0 S T B - 1 3 9
C 5 0 4 0 S T F - 1 4 0
C 5 0 4 0 S T F - 1 4 1
C 5 0 4 0 S T F - 1 4 2
C 5 0 4 0 S T F - 1 4 3
C 5 0 4 0 S T F - 1 4 4
C 5 0 4 0 S T F - 1 4 5
C 5 0 4 0 S T F - 1 4 6
C 5 0 4 0 S T C - 0 0 1
C 5 0 4 0 S T F - 1 4 7
C 5 0 4 0 S T F - 1 4 8
C 5 0 4 0 S T F - 1 4 9
C 5 0 4 0 S T F - 1 5 0
C 5 0 4 0 S T F - 1 5 1
C 5 0 4 0 S T F - 1 5 2
C 5 0 4 0 S T F - 1 5 3
C 5 0 4 0 S T B - 1 5 4
C 5 0 4 0 S T B - 1 5 5
C 5 0 4 0 S T B - 1 5 6
C 5 0 4 0 S T B - 1 5 7
C 5 0 4 0 S T B - 1 5 8
C 5 0 4 0 S T B - 1 5 9
C 5 0 4 0 S T B - 1 6 0
C 5 0 4 0 S T B - 1 6 1
C 5 0 4 0 S T B - 1 6 2
C 5 0 4 0 S T B - 1 6 3
C 5 0 4 0 S T B - 1 6 4
C 5 0 4 0 S T B - 1 6 5
C 5 0 4 0 S T B - 1 6 6
C 5 0 4 0 S T B - 1 6 7
C 5 0 4 0 S T B - 1 6 8
C 5 0 4 0 S T B - 1 6 9
C 5 0 4 0 S T B - 1 7 0
C 5 0 4 0 S T B - 1 7 1
C 5 0 4 0 S T B - 1 7 2
C 5 0 4 0 S T B - 1 7 3
C 5 0 4 0 S T B - 1 7 4
C 5 0 4 0 S T B - 1 7 5
C 5 0 4 0 S T B - 1 7 6
C 5 0 4 0 S T B - 1 7 7
C 5 0 4 0 S T B - 1 7 8
C 5 0 4 0 S T B - 1 7 9
C 5 0 4 0 S T B - 1 8 0
C 5 0 4 0 S T B - 1 8 1
C 5 0 4 0 S T B - 1 8 2
C 5 0 4 0 S T B - 1 8 3
C 5 0 4 0 S T B - 1 8 4
C 5 0 4 0 S T B - 1 8 5

C A D I D
G 1 3 4
G 1 3 5
G136
G137
G138
G 1 3 9
G140
G 1 4 1
G142
G143
G144
G145
G146
F C - 1
G147
G148
G149
G 1 5 0
G 1 5 1
G 1 5 2
G 1 5 3
G 1 5 4
G 1 5 5
G 1 5 6
G 1 5 7
G 1 5 8
G 1 5 9
G160
G 1 6 1
G162
G 1 6 3
G164
G 1 6 5
G 1 6 6
G167
G 1 6 8
G 1 6 9
G170
G 1 7 1
G 1 7 2
G173
G174
G 1 7 5
G 1 7 6
G 1 7 7
G 1 7 8
G 1 7 9
G180
G 1 8 1
G 1 8 2
G 1 8 3
G 1 8 4
G 1 8 5

X-Coord
8.0
8.0
8.0
8.0
8.0
8.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.5
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0

Y-Coord
21.0
22.0
23.0
24.0
25.0
26.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
2.5
1.0
2.0
3.0
4.0
5.0
6.0
7.0

15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0

Concentrat ion ( p p m )
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

As | Pb Cd Zn
231
120
84
109
133
41
32
55
49
40

131
81
9

57
57
47
63

113
113

9
9
9

58
89
57
78
88
48
55
61
51
9
9

116
9

60
67
94
9

95
100
87
84
46
33
46
27
9

47
27
9

54
9

413
276
208
237
257
124
133
205
75
70
147
80

129
207
226
264
223
266
173
115
140
80
92

159
149
187
140
158
151
134
159
101
92

241
214
157
122
172
128
125
145
138
170
109
96

116
83
94
60
91
83
79
92

2
4
4
4
5
2
4
5
2
6
7
2
4
6
5
6
5
7
5
6
4
2
6
6
8
5
5
6
8
6
8
2
2
7
2
4
5
5
5
6
7
5
2
4
6
2
2
2
2
2
4
2
2

77
101
68
91

116
177
118
104
57
54

112
136
170
107
104
129
119
158
183
190
621
174
262
125
73
98
83
83

105
84
103
111
164
178
247
102
79
88
97

101
112
88

110
158
358
313
303
228
232
244
238
216
220
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Map Coord inat e s and Concentrat ion V a l u e s f or S u r f a c e so i l s f r o m 8 Res iden t ia l P r o p e r t i e s
Map*
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
M a p ?
M a p ?
M a p ?
Map 7
Map 7
M a p ?
M a p ?
M a p ?
M a p ?
Map 7
M a p ?
Map 7
Map 7

Field ID
C 5 0 4 0 S T B - 1 8 6
C5040STB-187
C 5 0 3 0 S T F - 1 8 8
C 5 0 3 0 S T F - 1 8 9
C5030STF-190
C 5 0 3 0 S T F - 1 9 1
C 5 0 3 0 S T F - 1 9 2
C 5 0 3 0 S T F - 1 9 3
C 5 0 3 0 S T F - 1 9 4
C 5 0 3 0 S T N - 1 9 5
C 5 0 3 0 S T N - 1 9 6
C 5 0 3 0 S T N - 1 9 7
C5030STN-198
C 5 0 3 0 S T N - 1 9 9
C 5 0 3 0 S T N - 2 0 0
C5030STN-201
C 5 0 3 0 S T N - 2 0 2
C 5 0 3 0 S T N - 2 0 3
C5030STB-204
C5030STB-205
C5030STB-206
C5030STB-207
C5030STB-208
C5030STB-209
C 5 0 3 0 S T B - 2 1 0
C5030STB-211
C 5 0 3 0 S T F - 2 1 2
C 5 0 3 0 S T F - 2 1 3
C 5 0 3 0 S T F - 2 1 4
C 5 0 3 0 S T F - 2 1 5
C 5 0 3 0 S T F - 2 1 6
C 5 0 3 0 S T F - 2 1 7
C 5 0 3 0 S T B - 2 1 8
C5030STB-219
C5030STB-220
C5030STB-221
C5030STB-222
C5030STB-223
C5030STB-224
C5030STB-225
C 4 7 1 4 J O F - 0 0 7
C4714JOF-008
C 4 7 1 4 J O F - 0 0 4
C 4 7 1 4 J O F - 0 0 5
C4714JOF-006
C4714JOB-009
C 4 7 1 4 J O B - 0 1 0
C 4 7 1 4 J O B - 0 1 1
C4714JOB-012
C4714JOB-013
C 4 7 1 4 J O B - 0 1 4
C 4 7 1 4 J O F - 0 0 1
C 4 7 1 4 J O F - 0 0 2

CAD ID
G186
G187
G188
G189
G190
G 1 9 1
G 1 9 2
G 1 9 3
G 1 9 4
G195
G196
G197
G198
G199
G200
G201
G202
G203
G204
G205
G206
G207
G208
G209
G210
G211
G212
G213
G214
G 2 1 5
G 2 1 6
G217
G218
G219
G220
G221
G222
G223
G224
G225

FA-007
FA-008
FA-004
F A - 0 0 5
FA-006
FA-009
F A - 0 1 0
FA-01 1
FA-012
F A - 0 1 3
F A - 0 1 4
FA-001
FA-002

X-Coord
12.0
12.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0 .
15.0
2.0
2.0
4.0
4.0
4.0
4.0
4.0
4.0
5.0
5.0
5.0
6.0
6.0

Y-Coord
24.0
25.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
1.0
2.0
3.0
4.0
5.0
6.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
1.0
2.0
1.0
2.0
6.0

23.0
22.0
21.0
23.0
22.0
21.0
1.0
2.0

Concentrat ion ( p p m )
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

| As | Pb | Cd | Zn
75
9

85
130
100
126
154
129
87
42
35
33
67
29
44
23
25
19
9

56
9

26
98
71
22

189
106
151
179
343
83

112
69

137
102
105
108
132
104
123
54
50
65
9

46
9

25
9

49
42
9
9

101

95
95
161
127
119
150
150
124
77
94
66
81
60
57
65
39
71
45
57
61
37
68
88
76
67
106
131
138
139
273
58

128
74
84

107
84
64
64
83
69

310
202
122
168
191
178
201
194
243
261
219
264
272

2
2
9
6
5
7
6
8
4
8
2
2
2
5
2
2
2
4
2
4
2
2
4
7
6
5
5
6
6
7
2
7
4
2
2
2
4
6
4
2
8
2
6
5
6
4
2
2
7
4
5
6
6

220
244
103
164
169
151
137
150
123
67
60
56
57
58
56
70
135
62
65
50
57
100
79
78
76

105
147
138
158
176
68

111
111
97
99
87
71
62
81
71

780
385
249
327
221
349
346
327
458
505
335
893
513
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Map Coordinates and Concentration Values for S u r f a c e so i l s f r o m 8 Residential Proper t i e s
M a p #
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
Map 7
M a p ?
M a p ?
M a p ?
Map 7
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
Map 7
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
M a p ?
Map 7
M a p ?
M a p ?
M a p ?

F i e l d I D
C4714JOF-003
C4714JOB-015
C4714JOB-016
C4714JOB-017
C 4 7 1 2 J O F - 0 0 1
C 4 7 1 2 J O F - 0 0 2
C 4 7 1 2 J O F - 0 0 3
C 5 0 4 0 S T F - 0 0 4
C 4 7 1 2 J O F - 0 0 5
C 4 7 1 2 J O F - 0 0 6
C 4 7 1 2 J O F - 0 0 7
C4712JOF-008
C 4 7 1 2 J O F - 0 0 9
C 4 7 1 2 J O F - 0 1 0
C 4 7 1 2 J O F - 0 1 1
C 4 7 1 2 J O F - 0 1 2
C 4 7 1 2 J O F - 0 1 3
C 4 7 1 2 J O F - 0 1 4
C 4 7 1 2 J O F - 0 1 5
C 4 7 1 2 J O F - 0 1 6
C 4 7 1 2 J O F - 0 1 7
C4712JOB-018
C 4 7 1 2 J O B - 0 1 9
C4712JOF-020
C 4 7 1 2 J O F - 0 2 1
C 4 7 1 2 J O F - 0 2 2
C 4 7 1 2 J O F - 0 2 3
C 4 7 1 2 J O F - 0 2 4
C 4 7 1 2 J O F - 0 2 5
C 4 7 1 2 J O F - 0 2 6
C 4 7 1 2 J O F - 0 2 7
C 4 7 1 2 J O F - 0 2 8
C4712JOF-029
C 4 7 1 2 J O F - 0 3 0
C 4 7 1 2 J O F - 0 3 1
C 4 7 1 2 J O F - 0 3 2
C4712JOF-033
C 4 7 1 2 J O F - 0 3 4
C4712JOF-035
C 4 7 1 2 J O F - 0 3 6
C4712JOB-037
C4712JOB-038
C 4 7 1 2 J O F - 0 3 9
C 4 7 1 2 J O F - 0 4 0
C 4 7 1 2 J O F - 0 4 1
C 4 7 1 2 J O F - 0 4 2
C 4 7 1 2 J O F - 0 4 3
C 4 7 1 2 J O F - 0 4 4
C 4 7 1 2 J O F - 0 4 5
C 4 7 1 2 J O F - 0 4 6
C 4 7 1 2 J O F - 0 4 7
C 4 7 1 2 J O F - 0 4 8
C 4 7 1 2 J O F - 0 4 9

C A D I D
FA-003
F A - 0 1 5
F A - 0 1 6
F A - 0 1 7

F001
F002
F003
F004
F005
F006
F007
F008
F009
F010
F 0 1 1
F 0 1 2
F 0 1 3
F 0 1 4
F 0 1 5
F016
F 0 1 7
F018
F 0 1 9
F020
F 0 2 1
F 0 2 2
F023
F024
F025
F026
F027
F 0 2 8
F029
F030
F031
F032
F033
F034
F035
F 0 3 6
F037
F038
F039
F040
F 0 4 1
F042
F043
F044
F045
F046
F047
F048
F049

X-Coord
6.0
6.0
6.0
6.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

Y-Coord
6.0

23.0
22.0
21.0
1.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
1.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
1.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration (
As
55
9

46
9
9

29
52
51
49
44
9

38
123

9
9

37
62
98
9

62
88
43
9

61
149
42
58
51
19
9

40
18
40
38
28
29
51
68
29
101
82
39
9

83
68
56
9

63
9
9

33
28
9

apm)
Pb

207
261
273
234
351
317
223
250
310
260
215
191
268
214
258
287
306
469
483
177
254
179
255
391
338
199
213
232
324
147
159
167
176
228
200
230
289
432
348
333
286
344
313
340
234
285
257
189
154
145
149
206
212

Cd
5
7
2
4
9
6

12
7
8
2
4
6
7
5
8
5
7
6
7
6
5
2
4
7
8
8
6
7
5
5
2
2
6
4
5
5
6
5
4
5
4
6
18
6

19
6
5
5
7
2
5
5
5

Zn
261
629
648
478
1036
555
501
349
381
310
282
385
400
281
278
314
285
486
478
177
284
244
455
819
594
439
251
439
238
224
232
174
210
201
263
282
350
350
304
358
327
528
470
520
501
373
268
225
234
250
197
257
273
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Map Coordinates and Concentration Values for S u r f a c e soi l s f r o m 8 Residential Propert i e s
M a p #
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7

F i e l d I D
C 4 7 1 2 J O F - 0 5 0
C 4 7 1 2 J O F - 0 5 1
C 4 7 1 2 J O F - 0 5 2
C 4 7 1 2 J O F - 0 5 3
C 4 7 1 2 J O F - 0 5 4
C 4 7 1 2 J O F - 0 5 5
C 4 7 1 2 J O F - 0 5 6
C 4 7 1 2 J O F - 0 5 7
C 4 7 1 2 J O F - 0 5 8
C 4 7 1 2 J O F - 0 5 9
C 4 7 1 2 J O F - 0 6 0
C 4 7 1 2 J O F - 0 6 1
C 4 7 1 2 J O F - 0 6 2
C4712JOF-063
C 4 7 1 2 J O F - 0 6 4
C 4 7 1 2 J O F - 0 6 5
C4712JOF-066
C 4 7 1 2 J O F - 0 6 7
C 4 7 1 2 J O F - 0 6 8
C4712JOF-069
C 4 7 1 2 J O F - 0 7 0
C 4 7 1 2 J O F - 0 7 1
C 4 7 1 2 J O F - 0 7 2
C 4 7 1 2 J O F - 0 7 3
C 4 7 1 2 J O F - 0 7 4
C4712JOB-075
C4712JOB-076

C 4 7 1 2 J O C - 1
C 4 7 1 2 J O F - 0 7 7
C 4 7 1 2 J O F - 0 7 8
C4712JOF-079
C 4 7 1 2 J O F - 0 8 0
C 4 7 1 2 J O F - 0 8 1
C4712JOF-082
C 4 7 1 2 J O F - 0 8 3
C 4 7 1 2 J O F - 0 8 9
C 4 7 1 2 J O F - 0 9 0
C 4 7 1 2 J O F - 0 9 1
C 4 7 1 2 J O F - 0 9 2
C 4 7 1 2 J O F - 0 9 3
C4712JOB-094
C4712JOB-095
C 4 7 1 2 J O F - 0 8 4
C 4 7 1 2 J O F - 0 8 5
C 4 7 1 2 J O F - 0 8 6
C 4 7 1 2 J O F - 0 8 7
C 4 7 1 2 J O F - 0 8 8
C 4 7 1 2 J O F - 0 9 6
C4712JOB-097
C4712JOB-098
C4712JOB-099
C 4 7 1 2 J O B - 1 0 0
C 4 7 1 2 J O B - 1 0 1

C A D I D
F050
F 0 5 1
F 0 5 2
F053
F054
F055
F056
F057
F058
F059
F060
F061
F062
F063
F064
F065
F066
F067
F068
F069
F070
F071
F072
F073
F074
F075
F076
F C - 1
F077
F078
F079
F080
F 0 8 1
F082
F 0 8 3
F089
F090
F 0 9 1
F092
F093
F094
F095
F084
F085
F086
F087
F088
F096
F097
F098
F099
F 1 0 0
F 1 0 1

X-Coord
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
13.0
13.0
13.0
13.0
13.0
13.0

Y-Coord
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
1.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
11.5
1.0
6.0
7.0
8.0
9.0

10.0
11.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
12.0
13.0
14.0
15.0
16.0
1.0

23.0
24.0
25.0
26.0
27.0

Concen tra t i on ( p p m )
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

As Pb Cd Zn
51
9
9

42
76
105
121
45
71
120
33
9

68
59
48
68
24
50
25
91
57
35
44
91
76
21
82

123
85

141
9
9
9
9

39
9

48
63
27
9

20
22
72
9

109
32
9
9
9
9

28
117
119

243
253
253
269
262
337
376
297
403
334
227
257
373
230
121
161
161
161
166
269
219
216
237
277
241
257
353
438
361
353
189
356
174
329
244
423
185
212
356
214
293
298
290
331
369
316
218
320
411
306
348
427
325

5
8
6
7
6
5
6
15
8
9

15
11
9
6
5
5
6
8
2
7
7
5

11
6
6
5
8
8
8
9
7
7
5
8
5
7
5
6
4
4
9
6
7
6
7
8
8
9
6
5
6
9
9

299
354
315
344
229
318
361
350
811
513
617
346
614
308
224
251
202
190
204
266
283
252
256
259
251
311
385
827
579
509
540
451
316
532
326
412
229
242
350
300
408
451
328
462
656
455
489
489
637
652
672
695
482

a p p D.x l s D27



M a p C o o r d i n a t e s a n d Concentra t ion V a l u e s f o r S u r f a c e s o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s
M a p *
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 8
Map 8
M a p S
Map 8
M a p S
Map 8
Map 8
Map 8
Map 8
Map 8
M a p S
Map 8
M a p S
M a p S
M a p S
Map 8
Map 8
Map 8
Map 8
M a p S
M a p S
M a p S
M a p S
M a p S
Map 8
M a p S
Map 8
Map 8
M a p S
M a p S
M a p S
Map 8
Map 8
M a p S
M a p S
M a p S
M a p S
Map 8

F i e l d I D
C 4 7 1 2 J O B - 1 0 2
C 4 7 1 2 J O F - 1 0 3
C4712JOB-104
C4712JOB-105
C4712JOB-106
C4712JOB-107
C4712JOB-108

C4712JOC-2
C 4 7 1 2 J O F - 1 0 9
C4712JOB-110
C 4 7 1 2 J O B - 1 1 1
C 4 7 1 2 J O B - 1 1 2
C 4 7 1 2 J O B - 1 1 3
C 4 7 1 2 J O B - 1 1 4
C 4 7 1 2 J O F - 1 1 5
C4809MIB-004
C4809MIB-005
C4809M1B-006
C4809MIB-007
C4809MIB-008
C 4 8 0 9 M I F - 0 0 9
C 4 8 0 9 M I F - 0 1 0
C 4 8 0 9 M I F - 0 1 1
C 4 8 0 9 M I F - 0 1 2
C 4 8 0 9 M 1 F - 0 1 3
C 4 8 0 9 M I F - 0 1 4
C 4 8 0 9 M I F - 0 1 5
C 4 8 0 9 M I B - 0 0 1
C4809MIB-002
C 4 8 0 9 M I B - 0 0 3
C 4 8 0 9 M I B - 0 1 6
C 4 8 0 9 M I B - 0 1 7
C 4 8 0 9 M I B - 0 1 8
C 4 8 0 9 M I B - 0 1 9
C4809MIB-020
C4809MIB-021
C4809MIB-022
C 4 8 0 9 M I B - 0 2 3
C 4 8 0 9 M I B - 0 2 4
C 4 8 0 9 M I S - 0 2 5
C4809MIS-026
C 4 8 0 9 M I S - 0 2 7
C4809MIS-028
C 4 8 0 9 M I S - 0 2 9
C 4 8 0 9 M I F - 0 3 0
C 4 8 0 9 M 1 F - 0 3 1
C 4 8 0 9 M I F - 0 3 2
C 4 8 0 9 M I F - 0 3 3
C 4 8 0 9 M I F - 0 3 4
C4809MIB-035
C 4 8 0 9 M I B - 0 3 6
C 4 8 0 9 M I B - 0 3 7
C4809MIB-038

C A D I D
F 1 0 2
F 1 0 3
F 1 0 4
F 1 0 5
F 1 0 6
F 1 0 7
F 1 0 8
F C - 2
F 1 0 9
F 1 1 0
F 1 1 1
F 1 1 2
F 1 1 3
F 1 1 4
F 1 1 5
A004
A005
A006
A007
A008
A009

A0010
A 0 1 1
A012
A013
A014
A015
A001
A002
A003
A 0 1 6
A017
A018
A019
A020
A021
A022
A023
A024
A025
A026
A027
A028
A029
A030
A031
A032
A033
A034
A035
A036
A037
A038

X-Coord
13.0
14.0
14.0
14.0
14.0
14.0
14.0
14.5
15.0
15.0
15.0
15.0
15.0
15.0
16.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
2.0
2.0
2.0
2.0

Y-Coord
28.0
1.0

23.0
24.0
25.0
26.0
27.0
1.0
1.0

23.0
24.0
25.0
26.0
27.0
1.0
8.0
9.0
10.0
11.0
12.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
2.0
3.0
4.0
2.0
3.0
4.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
2.0
3.0
4.0
8.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centrat ion (
As
9
9

32
55
9

164
87
9
9

37
87
9

28
129
84

1600
350

1530
4798
1837
428
800
704
688
933
627
436
27
45
9

81
9

394
458
673
540
486
218
255
272
258
304
550
1267
785
270
125
190
436
27
44
9

229

j p m )
Pb

454
240
260
376
408
419
350
181
432
377
464
475
479
498
420
596
295
435
877
437
336
485
456
399
444
458
320
141
128
114
128
146
346
644
740
386
405
317
526
623
355
353
392
686
700
331
257
328
434
172
201
250
436

Cd
8
6
5
9
5

13
8
6
7
8
8

10
5
9
9
16
10
12
12
10
10
17
10
9
10
7
8
6
5
5
6
4
8

19
13
13
13
9

11
13
17
10
14
16
17
11
7
9
10
7
6

11
9

Zn
730
334
345
594
451
858
730
245
579
590
586
590
354
858
796
381
493
200
302
361
239
232
201
178
244
178
164
260
246
181
240
191
582
474
396
267
317
497
509
819
474
327
381
439
365
350
214
295
252
322
381
904
361
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Map Coord ina t e s and Concentrat ion Valu e s f o r S u r f a c e s o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s
M a p #
Map 8
Map 8
Map 8
M a p S
Map 8
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
Map 8
Map 8
Map 8
Map 8
M a p S
Map 8
Map 8
Map 8
Map 8
Map 8
M a p S
Map 8
M a p S
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8

F i e l d I D
C 4 8 0 9 M I B - 0 3 9
C4809MIB-040
C4809MIB-041
C4809MIB-042
C4809MIB-043
C 4 8 0 9 M I S - 0 4 4
C 4 8 0 9 M I S - 0 4 5
C 4 8 0 9 M I S - 0 4 6
C 4 8 0 9 M I S - 0 4 7
C4809MIS-048
C 4 8 0 9 M I F - 0 4 9
C 4 8 0 9 M I F - 0 5 0
C 4 8 0 9 M I F - 0 5 1
C 4 8 0 9 M I F - 0 5 2
C 4 8 0 9 M I F - 0 5 3
C 4 8 0 1 M I B - 0 0 1
C 4 8 0 1 M I B - 0 0 2
C 4 8 0 1 M I B - 0 0 3
C 4 8 0 1 M I B - 0 0 4
C 4 8 0 1 M I B - 0 0 5
C 4 8 0 1 M I B - 0 0 6
C4801MIB-007
C 4 8 0 1 M I B - 0 0 8
C 4 8 0 1 M I B - 0 0 9
C 4 8 0 1 M I B - 0 1 0
C 4 8 0 1 M I B - 0 1 1
C 4 8 0 1 M I B - 0 1 2
C 4 8 0 1 M I B - 0 1 3
C 4 8 0 1 M I B - 0 1 4
C 4 8 0 1 M I B - 0 1 5
C 4 8 0 1 M I B - 0 1 6
C 4 8 0 1 M I B - 0 1 7C 4 8 0 1 M I B - 0 1 8
C4801MIB-019
C4801 MIB-020
C 4 8 0 1 M I B - 0 2 1
C4801 M I B - 0 2 2
C 4 8 0 1 M I B - 0 2 5
C4801MIB-026
C 4 8 0 1 M I B - 0 2 7
C4801 M I B - 0 2 8
C 4 8 0 1 M I B - 0 2 9
C4801MIB-030
C 4 8 0 1 M I F - 0 3 1
C 4 8 0 1 M I F - 0 3 2
C 4 8 0 1 M I F - 0 3 3
C 4 8 0 1 M I F - 0 3 4
C 4 8 0 1 M I F - 0 3 5
C 4 8 0 1 M I F - 0 3 6
C 4 8 0 1 M I F - 0 3 7
C 4 8 0 1 M I B - 0 2 3
C 4 8 0 1 M I B - 0 2 4
C 4 8 0 9 M I F - C 1

C A D I D
A039
A040
A041
A042
A043
A044
A045
A046
A047
A048
A049
A050
A051
A052
A053
001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
025
026
027
028
029
030
031
032
033
034
035
036
037
023
024

BC-1

X-Coord
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.5

Y-Coord
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
1.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
8.0
9.0

10.0
11.0
12.0
13.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
6.0
7.0

24.0

Concentrat ion ( p p m )
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

As Pb Cd Zn
283
192
282
323
218
437
182
285
224
535
199
246
140
135
49
9
9

33
39
54
89
56
104
137
165
106
191
74
9

76
112
224
421
181
152
84
42

261
246
199
181
492

9
179
242
345
423
338
414
399
264
279
499

343
500
321
260
166
253
537
396
303
447
455
423
209
259
189
239
213
202
216
286
175
172
190
194
248
175
271
568
200
192
138
218
247
212
255
349
197
219
223
189
259
260
154
164
165
133
159
187
167
182
286
242
225

11
8
8
8
9
6

15
8
9

14
9
9
9

10
8
5
8
7
5
7
6
8
8

10
10
9
8

10
5
7
9

11
7
7
10
5
9
9
9
7
9

11
8
9
10
8
8
6
8
8
8
7
7

232
195
156
168
156
200
536
332
260
242
257
249
204
224
201
327
594
532
404
373
221
218
212
320
223
187
221

1172
346
221
169
208
219
173
187
282
305
206
175
149
175
215
329
275
181
133
139
147
115
166
258
177
135
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M a p C o o r d i n a t e s a n d Conc en tra t i on V a l u e s f o r S u r f a c e s o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s
M a p *
Map 8
Map 8
Map 8
M a p 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
M a p 8
M a p S
M a p S
M a p S
M a p S
Map 8
Map 8
M a p S
M a p S
M a p S
M a p S
Map 8M a p S
M a p S
Map 8
M a p S
M a p S
M a p S
M a p S
M a p S
M a p S
Map 8
M a p S
M a p S
M a p S
Map 8
Map 8
Map 8
M a p S
Map 8
M a p S
Map 8
Map 8

F i e l d I D
C 4 8 0 9 M I B - C 2

C 4 8 0 1 M I B - 0 3 8
C 4 8 0 1 M I B - 0 3 9
C 4 8 0 1 M I B - 0 4 0
C4801MIB-041
C 4 8 0 1 M I B - 0 4 2
C4801MIB-043
C4801MIB-044
C 4 8 0 1 M I B - 0 4 5
C 4 8 0 1 M I F - 0 4 6
C 4 8 0 1 M I F - 0 4 7
C4801 M I F - 0 4 8
C 4 8 0 1 M I F - 0 4 9
C 4 8 0 1 M I F - 0 5 0
C 4 8 0 1 M I F - 0 5 1
C 4 8 0 1 M I F - 0 5 2
C4801MIB-053
C 4 8 0 1 M I B - 0 5 4
C4801MIB-055
C 4 8 0 1 M I B - 0 5 6
C 4 8 0 1 M I B - 0 5 7
C4801MIB-058
C 4 8 0 1 M I F - 0 5 9
C 4 8 0 1 M I F - 0 6 0
C 4 8 0 1 M I F - 0 6 1
C 4 8 0 1 M I F - 0 6 2
C 4 8 0 1 M I F - 0 6 3
C 4 8 0 1 M I F - 0 6 4
C 4 8 0 1 M I F - 0 6 5
C 4 8 0 1 M I B - 0 6 6
C4801MIB-067
C 4 8 0 1 M I B - 0 6 8
C 4 8 0 1 M I B - 0 6 9
C4801MIB-070
C 4 8 0 1 M I B - 0 7 1
C 4 8 0 1 M I F - 0 7 2
C 4 8 0 1 M I F - 0 7 3
C 4 8 0 1 M I F - 0 7 4
C 4 8 0 1 M I F - 0 7 5
C 4 8 0 1 M I F - 0 7 6
C4801 MIF-077
C4801MIB-078
C 4 8 0 1 M I B - 0 7 9
C 4 8 0 1 M I B - 0 8 0
C 4 8 0 1 M I B - 0 8 1
C4801MIB-082
C4801 M I B - 0 8 3
C4801 MIB-084
C 4 8 0 1 M I B - 0 8 5
C 4 8 0 1 M I B - 0 8 6
C4801 M I F - 0 8 7
C 4 8 0 1 M I F - 0 8 8
C 4 8 0 1 M I F - 0 8 9

C A D I D
BC-2
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
081
082
083
084
085
086
087
088
089

X-Coord
6.5
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0
12.0

Y-Coord
13.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
6.0
7.0
8.0
9.0

10.0
11.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
6.0
7.0
8.0
9.0

10.0
11.0
19.0
20.0
21.0
23.0
24.0
25.0
2.0
3.0
4.0
6.0
7.0
8.0
9.0

10.0
11.0
19.0
20.0
21.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centrat ion ( fAs
191
164
330
246
311
250
428
188
40

262
323
289
395
368
258
276
211
220
297
340
342
297
120
348
253
340
233
299
378
317
246
287
491
627
586
351
259
520
295
540
391
190
113
185
356
224
392

1257
1 1 1 5
1716
841
177
316

i p m )
Pb

192
203
228
222
185
268
280
148
321
191
205
139
176
164
151
120
259
241
233
219
246
195
184
231
168
174
165
207
240
178
209
249
337
253
404
226
219
198
142
199
258
264
174
217
190
199
255
635
278
348
162
75

237

Cd
9
8
6
9
9
8

11
6
6
8
9
7
7
8
5
6
7
7
7
6
8
9
10
7

11
10
10
9
9
7
7
7

13
8
7
8
9
9
7
8
8
7
7
5
5
5

11
11
11
8
5
4
9

Zn
142
185
178
186
239
281
195
166
959
318
196
129
171
149
122
91

325
204
157
182
242
176
317
201
178
163
154
176
173
192
159
150
625
217
385
190
180
176
145
174
214
287
280
236
138
120
150
201
194
214
133
75

160
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Map C o o r d i n a t e s and Concentrat ion V a l u e s f o r S u r f a c e s o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s
M a p *
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
M a p S
Map 8
Map 8
Map 8
Map 8
M a p S
M a p 8
M a p S
M a p S
M a p S
Map 8
Map 8
M a p S
M a p S
Map 8
Map 8
M a p S
Map 8
Map 8
M a p S
M a p S
Map 8
M a p S
Map 8
M a p S
Map 8
Map 8
Map 8
M a p S
M a p S
Map 8
M a p S
M a p S
Map 8
M a p S
M a p S
Map 8
Map 8
Map 8
Map 8
M a p S
Map 8
M a p S
M a p S

F i e l d I D
C 4 8 0 1 M I F - 0 9 0
C 4 8 0 1 M I F - 0 9 1
C 4 8 0 1 M I F - 0 9 2
C4801 M I F - 0 9 3
C 4 8 0 1 M I B - 0 9 4
C 4 8 0 1 M I B - 0 9 5
C 4 8 0 1 M I B - 0 9 6
C 4 8 0 1 M I B - 0 9 7
C 4 8 0 1 M I B - 0 9 8
C 4 8 0 1 M I B - 0 9 9
C 4 8 0 1 M I B - 1 0 0
C 4 8 0 1 M I B - 1 0 1
C 4 8 0 1 M I B - 1 0 2
C 4 8 0 1 M I F - 1 0 3
C 4 8 0 1 M I F - 1 0 4
C 4 8 0 1 M I F - 1 0 5
C 4 8 0 1 M I F - 1 0 6
C 4 8 0 1 M I F - 1 0 7
C 4 8 0 1 M I F - 1 0 8
C 4 8 0 1 M I F - 1 0 9
C 4 8 0 1 M I B - 1 1 0
C 4 8 0 1 M I B - 1 1 1
C 4 8 0 1 M I B - 1 1 2
C 4 8 0 1 M I B - 1 1 3
C 4 8 0 1 M I B - 1 1 4
C 4 8 0 1 M I B - 1 1 5
C 4 8 0 1 M I B - 1 1 6
C 4 8 0 1 M I B - 1 1 7
C 4 8 0 1 M I B - 1 1 8
C 4 8 0 1 M I F - 1 1 9
C 4 8 0 1 M I F - 1 2 0
C 4 8 0 1 M I F - 1 2 1
C 4 8 0 1 M I F - 1 2 2
C 4 8 0 1 M I F - 1 2 3
C 4 8 0 1 M I F - 1 2 4
C 4 8 0 1 M I F - 1 2 5
C 4 8 0 1 M I B - 1 2 6
C 4 8 0 1 M I B - 1 2 7
C 4 8 0 1 M I B - 1 2 8
C 4 8 0 1 M I B - 1 2 9
C 4 8 0 1 M I B - 1 3 0
C 4 8 0 1 M I B - 1 3 1
C 4 8 0 1 M I B - 1 3 2
C 4 8 0 1 M I B - 1 3 3
C 4 8 0 1 M I B - 1 3 4
C4801 M I S - 1 3 5
C4801 MIS-1 36
C4801 MIS-1 37
C4801 MIS-1 38
C 4 8 0 1 M I S - 1 3 9
C 4 8 0 1 M I F - 1 4 0
C 4 8 0 1 M I F - 1 4 1
C 4 8 0 1 M I F - 1 4 2

C A D I D
090
091
092
093
094
095
096
097
098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142

X-Coord
12.0
12.0
12.0
12.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0

Y-Coord
22.0
23.0
24.0
25.0
2.0
3.0
4.0
6.0
7.0
8.0
9.0
10.0
11.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
2.0
3.0
4.0
6.0
7.0
8.0
9.0
10.0
11.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
2.0
3.0
4.0
6.0
7.0
8.0
9.0
10.0
11.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centration ( p p m )
As

213
198
303
145
136
113
118
240
343
235
698
201
811
795
161
169
394
337
310
176
117
66

243
299
378
268
647
156

1171
9

159
157
148
138
59
70
39
49
43
77
149
219
67
91
117

9
19
9
9

35
34
88

141

Pb
124
129
198
160
195
149
139
116
197
214
245
249
309
418
50
51
124
149
197
193
167
64

173
162
228
204
284
222
563
410
260
84
180
244
195
197
230
229
195
180
181
214
167
212
208
286
200
202
209
216
243
184
272

Cd J Zn
8
6
8
4
5
6
5
5
9
8
10
10
11
10
2
2
5
5
5
8
6
4
6
7
5
6
7
7

13
7
5
2
7
5
2
5
2
4
5
6
8
5
5
7
5
6
4
2
4
6
5
6
6

113
109
235
138
239
151
190
111
130
144
157
302
365
287
84
65
133
137
135
173
226
104
138
138
162
149
207
358
807
200
141
95
143
188
194
235
197
270
280
179
242
294
182
200
282
289
222
265
285
350
265
148
164

a p p D.xl s D31



Map Coord inat e s and Concentrat ion V a l u e s f or S u r f a c e s o i l s f r o m 8 Res ident ia l Proper t i e s
M a p #
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
Map 8
M a p S
Map 8
M a p S
Map 8
M a p S
M a p S
M a p S
M a p S
Map 8
Map 8
Map 8
M a p S
Map 8
M a p S
M a p S
M a p S
Map 8

F i e l d I D
C 4 8 0 1 M I F - 1 4 3
C 4 8 0 1 M I F - 1 4 4
C 4 8 0 1 M I F - 1 4 5
C 4 8 0 1 M I B - 1 4 6
C 4 8 0 1 M I B - 1 4 7
C 4 8 0 1 M I B - 1 4 8
C 4 8 0 1 M I B - 1 5 0
C 4 8 0 1 M I B - 1 5 1
C 4 8 0 1 M I B - 1 5 2
C 4 8 0 1 M I B - 1 5 3
C 4 8 0 1 M I B - 1 5 4
C 4 8 0 1 M I B - 1 5 5
C 4 8 0 1 M I B - 1 5 6
C4801 M I S - 1 5 7
C4801 M I S - 1 5 8
C4801 MIS-1 60
C4801 MIS-1 61
C4801 MIS-1 62
C 4 8 0 1 M I F - 1 6 3
C 4 8 0 1 M I F - 1 6 4
C 4 8 0 1 M I F - 1 6 5
C 4 8 0 1 M I F - 1 6 6
C 4 8 0 1 M I F - 1 6 7
C 4 8 0 1 M I F - 1 6 8

C A D I D
143
144
145
146
147
148
150
151
152
153
154
155
156
157
158
160
161
162
163
164
165
166
167
168

X-Coord
15.0
15.0
15.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0
16.0

Y-Coord
22.0
23.0
24.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0

Con
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

centrat ion (
As
23
20
9
9

32
40
9
9

23
88
62
9
9

78
67
77
42
69
42
68
68
109

9
9

3 p m )
Pb

153
172
234
177
292
336
408
290
209
192
213
240
263
217
285
265
189
306
292
192
278
207
182
174

Cd
4
2
6
2
6
7
5
5
2
4
2
2
2
5
5
4
7
6
4
5
6
5
5
4

Zn
229
223
183
206
235
221
217
257
517
256
255
194
203
164
196
193
149
174
171
146
176
169
145
145
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M a p Coord ina t e s a n d D e p t h Conc en t ra t i on V a l u e s f o r S o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s

M a p #
Map 1
Map 1
M a p 1
Map 1
Map 1
M a p 1
Map 1
Map 1
Map 1
M a p 1
Map 1
Map 1
Map 1
Map 1
Map 1
M a p 1
M a p 1
Map 1
Map 1
Map 1
Map 1
Map 1
Map 1
M a p 1
M a p 1
Map 1
Map 1
M a p 1
Map 1
Map 1
Map 1
Map 1
Map 1
M a p 1
M a p 1
Map 1
Map 1
M a p 1
M a p 1
M a p 1
Map 1
Map 1
Map 1
M a p 1
Map 1
M a p 1
M a p 1
Map 1
Map 1
Map 1
Map 1
M a p 1
Map 1

F i e l d I D
C 4 7 0 1 T H F - 0 1 2 A
C 4 7 0 1 T H F - 0 1 2 B
C 4 7 0 1 T H F - 0 1 2 C
C 4 7 0 1 T H F - 0 1 2 D
C 4 7 0 1 T H F - 0 1 2 E
C 4 7 0 1 T H F - 0 1 2 F

C 4 7 0 1 T H S N - 0 1 3 A
C 4 7 0 1 T H S N - 0 1 3 B
C 4 7 0 1 T H S N - 0 1 3 C
C 4 7 0 1 T H S N - 0 1 3 D
C 4 7 0 1 T H S N - 0 1 3 E
C 4 7 0 1 T H S N - 0 1 3 F

C4710ELB-088A
C4710ELB-088B
C4710ELB-088C
C4710ELB-088D
C4710ELB-088E
C4710ELB-088F
C 4 7 1 1 T H B - 0 6 8 A
C 4 7 1 1 T H B - 0 6 8 B
C 4 7 1 1 T H B - 0 6 8 C
C 4 7 1 1 T H B - 0 6 8 D
C 4 7 1 1 T H B - 0 6 8 E
C 4 7 1 1 T H B - 0 6 8 F
C 4 7 1 1 T H B - 3 9 A
C 4 7 1 1 T H B - 3 9 B
C 4 7 1 1 T H B - 3 9 C
C 4 7 1 1 T H B - 3 9 D
C 4 7 1 1 T H B - 3 9 E
C 4 7 1 1 T H B - 3 9 F

C 4 7 1 1 T H F - 0 1 9 A
C 4 7 1 1 T H F - 0 1 9 B
C 4 7 1 1 T H F - 0 1 9 C
C 4 7 1 1 T H F - 0 1 9 D
C 4 7 1 1 T H F - 0 1 9 E
C 4 7 1 1 T H F - 0 1 9 F
C 4 7 1 1 T H F - 0 6 0 A
C 4 7 1 1 T H F - 0 6 0 B
C 4 7 1 1 T H F - 0 6 0 C
C 4 7 1 1 T H F - 0 6 0 D
C 4 7 1 1 T H F - 0 6 0 E
C 4 7 1 1 T H F - 0 6 0 F
C4721 HTS-73A
C 4 7 2 1 H T S - 7 3 B
C4721 H T S - 7 3 C
C 4 7 2 1 H T S - 7 3 D
C4721 H T S - 7 3 E
C 4 7 2 1 H T S - 7 3 F

C 4 7 2 1 T H B - 1 0 5 A
C 4 7 2 1 T H B - 1 0 5 B
C 4 7 2 1 T H B - 1 0 5 C
C 4 7 2 1 T H B - 1 0 5 D
C 4 7 2 1 T H B - 1 0 5 E

C A D I D
F - 1 2
F - 1 2
F - 1 2
F - 1 2
F - 1 2
F - 1 2

S N - 1 3
S N - 1 3
S N - 1 3
S N - 1 3
S N - 1 3
S N - 1 3

B-88
B-88
B-88
B-88
B-88
B-88
B-68
B-68
B-68
B-68
B-68
B-68
B-39
B-39
B-39
B-39
B-39
B-39
F - 1 9
F - 1 9
F - 1 9
F - 1 9
F - 1 9
F - 1 9
F-60
F - 6 0
F-60
F-60
F-60
F-60
F-73
F-73
F-73
F-73
F-73
F-73

B-105
B-105
B-105
B-105
B-105

D e p t h
0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"
8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"- 10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"- 10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"

X-Coord
21.0
21.0
21.0
21.0
21.0
21.0
10.0
10.0
10.0
10.0
10.0
10.0
0.0
0.0
0.0
0.0
0.0
0.0
9.0
9.0
9.0
9.0
9.0
9.0
8.0
8.0
8.0
8.0
8.0
8.0

22.0
22.0
22.0
22.0
22.0
22.0
21.0
21.0
21.0
21.0
21.0
21.0
20.0
20.0
20.0
20.0
20.0
20.0
10.0
10.0
10.0
10.0
10.0

Y-Coord
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
6.0
6.0
6.0
6.0
6.0
6.0
4.0
4.0
4.0
4.0
4.0
4.0
8.0
8.0
8.0
8.0
8.0
8.0

12.0
12.0
12.0
12.0
12.0
12.0
6.0
6.0
6.0
6.0
6.0
6.0

15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0

C o n c e n t r a t i o n ( p p m )
As
10
40
19
57
29
42
8
-8
25
0

29
7

167
167
211
216
122
104

1434
953
653
429
194
184
264
302
299
298
177
125
912
440
316
261
207
268
1222
637
448
322
255
228
68
70
126
72
78
92

122
80

116
124
102

Pb
307
206
186
203
189
230
316
258
283
171
162
164
808
721
655
322
462
560

2783
1842
1345
621
322
264
515
527
558
433
292
258

1823
2022
1135
835
474
487

3924
2003
1365
921
709
299
447
470
319
338
245
213
516
333
250
207
199

Cd
8
5
7
5
6
7
6
3
3
5
5
3

11
10
8
6
8
8

18
13
9
5
5
5
9
9

10
9
6
9

15
14
11
7
7
6

15
9
8
7
5
4
8
6
5
4
5
6
8
7
7
7
6

Zn
226
144
119
118
121
123
120
104
85
94
91
95

505
427
392
400
652
652
482
427
268
165
108
99

306
269
289
258
156
142
455
404
311
252
181
151
486
325
240
171
158
110
161
147
1 1 1
106
97
89

173
142
124
105
98
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Map Coordinate s and Depth Concentration V a l u e s f or S o i l s f r o m 8 Residential Proper t i e s

M a p *
Map 1
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2
Map 2

F i e l d I D
C 4 7 2 1 T H B - 1 0 5 F
C4680CYB-024A
C4680CYB-024B
C4680CYB-024C
C4680CYB-024D
C4680CYB-024E
C4680CYB-024F

C 4 6 8 0 C Y N S - 0 1 2 A
C 4 6 8 0 C Y N S - 0 1 2 B
C 4 6 8 0 C Y N S - 0 1 2 C
C 4 6 8 0 C Y N S - 0 1 2 D
C 4 6 8 0 C Y N S - 0 1 2 E
C 4 6 8 0 C Y N S - 0 1 2 F

C 4 6 8 5 F I B - 0 6 3 A
C 4 6 8 5 F I B - 0 6 3 B
C4685FIB-063C
C 4 6 8 5 F I B - 0 6 3 D
C4685FIB-063E
C 4 6 8 5 F I B - 0 6 3 F

C4690CYB-046A
C4690CYB-046B
C4690CYB-046C
C4690CYB-046D
C4690CYB-046E
C4690CYB-046F
C4690CYB-083A
C4690CYB-083B
C4690CYB-083C
C4690CYB-083D
C4690CYB-083E
C4690CYB-083F
C 4 6 9 0 C Y F - 0 1 9 A
C 4 6 9 0 C Y F - 0 1 9 B
C 4 6 9 0 C Y F - 0 1 9 C
C 4 6 9 0 C Y F - 0 1 9 D
C 4 6 9 0 C Y F - 0 1 9 E
C 4 6 9 0 C Y F - 0 1 9 F
C 4 6 9 0 C Y F - 0 6 1 A
C 4 6 9 0 C Y F - 0 6 1 B
C 4 6 9 0 C Y F - 0 6 1 C
C 4 6 9 0 C Y F - 0 6 1 D
C 4 6 9 0 C Y F - 0 6 1 E
C 4 6 9 0 C Y F - 0 6 1 F
C4694CYB-077A
C4694CYB-077B
C4694CYB-077C
C4694CYB-077D
C4694CYB-077E
C 4 6 9 4 C Y B - 0 7 7 F
C4694CYF-053A
C 4 6 9 4 C Y F - 0 5 3 B
C 4 6 9 4 C Y F - 0 5 3 C
C 4 6 9 4 C Y F - 0 5 3 D

CAD ID
B-105
B-24
B-24
B-24
B-24
B-24
B-24

N S - 1 2
N S - 1 2
N S - 1 2
N S - 1 2
N S - 1 2
N S - 1 2

B-63
B-63
B-63
B-63
B-63
B-63
B-46
B-46
B-46
B-46
B-46
B-46
B-83
B-83
B-83
B-83
B-83
B-83
F - 1 9
F - 1 9
F - 1 9
F - 1 9
F - 1 9
F - 1 9
F - 6 1
F - 6 1
F - 6 1
F-61
F - 6 1
F - 6 1
B-77
B-77
B-77
B-77
B-77
B-77
F-53
F - 5 3
F - 5 3
F-53

Depth
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"- 12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"- 12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"
0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

X-Coord
10.0
20.0
20.0
20.0
20.0
20.0
20.0
10.0
10.0
10.0
10.0
10.0
10.0
37.0
37.0
37.0
37.0
37.0
37.0
17.0
17.0
17.0
17.0
17.0
17.0
14.0
14.0
14.0
14.0
14.0
14.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
18.0
18.0
18.0
18.0
18.0
18.0
4.0
4.0
4.0
4.0

Y f****f*ttfl-Coord
15.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
4.0
4.0
4.0
4.0
4.0
4.0
10.0
10.0
10.0
10.0
10.0
10.0
4.0
4.0
4.0
4.0
4.0
4.0
15.0
15.0
15.0
15.0
15.0
15.0
14.0
14.0
14.0
14.0

Concentra t ion ( p p m )
As | Pb
68
79

112
133
106
32
102
82

172
176
145
151
108
424
304
166
149
123
148

1394
489
272
255
139
153

2357
463
334
325
330
339

2486
2087
688
607
405
453

2167
2267
734
454
191
167

6
21
21
57
10
37
3
5

40
12

201
492
215
114
99
89
77

1115
1405
675
529
386
283
1572
1345
423
415
392
309
864
331
150
152
189
56

3269
412
257
192
393
419

1861
1044
373
293
185
173

1335
1053
352
229
120
127
148
103
60
60
93
82

250
234
218
185

Cd
5

10
8
5
4
3
4

11
10
7
8
6
6
6
6
6
6
4
4

13
6
6
6
3
5

23
4
4
3
5
4

12
12
6
5
5
4

12
11
6
6
3
5
2
4
3
3
4
3
5
5
5
9

Zn
90

282
178
114
108
98
87

269
190
122
110
139
90

216
171
125
80
72
63

216
128
99
93
85
71

447
140
109
99

103
111
251
170
90
87
71
69

223
197
93
71
61
63
98
84
74
61
1 1 1
160
165
152
208
150
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M a p C o o r d i n a t e s a n d D e p t h Conc en t ra t i on V a l u e s f o r S o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s

M a p *
Map 2
Map 2
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
M a p S
Map 3
Map 3
M a p 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
Map 3
M a p 3
Map 3
M a p 3
Map 3
Map 3
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 4
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5

F i e l d I D
C 4 6 9 4 C Y F - 0 5 3 E
C 4 6 9 4 C Y F - 0 5 3 F
C4850ADB-075A
C4850ADB-075B
C4850ADB-075C
C4850ADB-075D
C4850ADB-075E
C4850ADB-075F
C4850ADB-095A
C4850ADB-095B
C4850ADB-095C
C4850ADB-095D
C4850ADB-095E
C4850ADB-095F
C 4 8 5 0 A D F - 0 5 6 A
C 4 8 5 0 A D F - 0 5 6 B
C 4 8 5 0 A D F - 0 5 6 C
C4850ADF-056D
C 4 8 5 0 A D F - 0 5 6 E
C 4 8 5 0 A D F - 0 5 6 F
C 4 8 5 0 A D F - 1 0 7 A
C 4 8 5 0 A D F - 1 0 7 B
C 4 8 5 0 A D F - 1 0 7 C
C 4 8 5 0 A D F - 1 0 7 D
C 4 8 5 0 A D F - 1 0 7 E
C 4 8 5 0 A D F - 1 0 7 F
C 4 7 7 1 V I B - 0 1 7 A
C 4 7 7 1 V I B - 0 1 7 B
C 4 7 7 1 V I B - 0 1 7 C
C 4 7 7 1 V I B - 0 1 7 D
C 4 7 7 1 V I B - 0 1 7 E
C 4 7 7 1 V I B - 0 1 7 F
C 4 7 7 1 V I F - 0 3 9 A
C 4 7 7 1 V I F - 0 3 9 B
C 4 7 7 1 V I F - 0 3 9 C
C 4 7 7 1 V I F - 0 3 9 D
C 4 7 7 1 V I F - 0 3 9 E
C 4 7 7 1 V I F - 0 3 9 F
C200047B-110A
C200047B-110B
C200047B-110C
C200047B-110D
C200047B-110E
C200047B-110F
C 4 6 8 3 V I B - 0 1 3 A
C 4 6 8 3 V I B - 0 1 3 B
C 4 6 8 3 V I B - 0 1 3 C
C 4 6 8 3 V I B - 0 1 3 D
C 4 6 8 3 V I B - 0 1 3 E
C 4 6 8 3 V I B - 0 1 3 F
C 4 6 8 3 V I F - 0 1 4 A
C 4 6 8 3 V I F - 0 1 4 B
C 4 6 8 3 V I F - 0 1 4 C

C A D I D
F - 5 3
F - 5 3
B-75
B-75
B-75
B-75
B-75
B-75
B-95
B-95
B-95
B-95
B-95
B-95
F-56
F-56
F-56
F-56
F-56
F-56

F-107
F-107
F-107
F-107
F - 1 0 7
F - 1 0 7
B-17
B-17
B-17
B-17
B-17
B-17
F-39
F-39
F-39
F - 3 9
F-39
F-39

B-110
B-110
B-110
B-110
B-110
B-110
B-13
B-13
B-13
B-13
B-13
B-13
F - 1 4
F - 1 4
F - 1 4

D e p t h
8"-10"

10"-12"
0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"- 12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"- 10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"

X-Coord
4.0
4.0

24.0
24.0
24.0
24.0
24.0
24.0
18.0
18.0
18.0
18.0
18.0
18.0
5.0
5.0
5.0
5.0
5.0
5.0
6.0
6.0
6.0
6.0
6.0
6.0
4.0
4.0
4.0
4.0
4.0
4.0

22.0
22.0
22.0
22.0
22.0
22.0
2.0
2.0
2.0
2.0
2.0
2.0

14.0
14.0
14.0
14.0
14.0
14.0
28.0
28.0
28.0

Y-Coord
14.0
14.0
5.0
5.0
5.0
5.0
5.0
5.0
3.0
3.0
3.0
3.0
3.0
3.0
5.0
5.0
5.0
5.0
5.0
5.0
0.0
0.0
0.0
0.0
0.0
0.0
5.0
5.0
5.0
5.0
5.0
5.0
2.0
2.0
2.0
2.0
2.0
2.0
5.0
5.0
5.0
5.0
5.0
5.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Concen tra t i on ( p p m )
As
16
14

484
184
144
94

149
169
229
251
249
190
118
127

1181
424
286
252
101
39

734
368
343
178
100
94

115
160
231
203
189
144
688
390
469
427
467
504

1338
953
332
237
202
172
38
15
54
0

24
24
68

139
43

Pb
136
148
299
104
55
32
49
22
158
180
138
103
64
67

705
259
95

.115
77
84

639
386
376
134
35
66

393
450
409
316
266
280

1908
654
564
648
588
568
818
745
641
600
460
500
15

178
246
295
349
381
445
536
480

Cd
5
5
5
6
4
5
3
4
3
5
4
5
6
6

17
9
7
4
3
4

12
8
8
4
6
4
7
9
6
5
4
5

17
12
10
10
10
9

13
15
10
11
7
6
3
4
6
8
5
4
7
9
9

Zn
135
199
125
88
77
46
50
42
93

108
105
98
81
68

326
168
92
71
46
41

268
207
208
104
55
52

478
489
621
458
365
228
404
400
341
309
272
257
637
645
520
718
431
294
80

244
354
266
278
274
683
683

1121

a p p D.xl s D35



M a p C o o r d i n a t e s a n d D e p t h C o n c e n t r a t i o n V a l u e s f o r S o i l s f r o m 8 R e s i d e n t i a l P r o p e r t i e s

M a p #
Map 5
M a p 5
Map 5
Map 5
Map 5Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5
Map 5M a p s
Map 5
Map 5
Map 5
Map 5
Map 5
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 6
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 7
Map 8
Map 8
Map 8
M a p 8
M a p 8
M a p S
Map 8
M a p S

F i e l d I D
C 4 6 8 3 V I F - 0 1 4 D
C 4 6 8 3 V I F - 0 1 4 E
C 4 6 8 3 V I F - 0 1 4 F
C 4 6 9 1 V I B - 0 3 1 A
C 4 6 9 1 V I B - 0 3 1 B
C 4 6 9 1 V I B - 0 3 1 C
C 4 6 9 1 V I B - 0 3 1 D
C 4 6 9 1 V I B - 0 3 1 E
C 4 6 9 1 V I B - 0 3 1 F
C 4 6 9 1 V I B - 0 6 8 A
C 4 6 9 1 V I B - 0 6 8 B
C 4 6 9 1 V I B - 0 6 8 C
C 4 6 9 1 V I B - 0 6 8 D
C 4 6 9 1 V I B - 0 6 8 E
C 4 6 9 1 V I B - 0 6 8 F
C 4 6 9 1 V I F - 0 0 2 A
C 4 6 9 1 V I F - 0 0 2 B
C 4 6 9 1 V I F - 0 0 2 C
C 4 6 9 1 V I F - 0 0 2 D
C 4 6 9 1 V I F - 0 0 2 E
C 4 6 9 1 V I F - 0 0 2 F
C 5 0 4 0 S T C - 0 0 1
C5040STC-001
C 5 0 4 0 S T C - 0 0 1
C 5 0 4 0 S T C - 0 0 1
C5040STC-001
C 5 0 4 0 S T C - 0 0 1
C5040STC-002
C 5 0 4 0 S T C - 0 0 2
C 5 0 4 0 S T C - 0 0 2
C5040STC-002
C 5 0 4 0 S T C - 0 0 2
C5040STC-002

C 4 7 1 2 J O C - 1
C 4 7 1 2 J O C - 1
C4712JOC-1
C 4 7 1 2 J O C - 1
C 4 7 1 2 J O C - 1
C 4 7 1 2 J O C - 1
C 4 7 1 2 J O C - 2
C4712JOC-2
C 4 7 1 2 J O C - 2
C4712JOC-2
C 4 7 1 2 J O C - 2
C 4 7 1 2 J O C - 2

C 4 8 0 9 M I B - C 2
C 4 8 0 9 M I B - C 2
C 4 8 0 9 M I B - C 2
C 4 8 0 9 M I B - C 2
C 4 8 0 9 M I B - C 2
C4809MIB-C2
C 4 8 0 9 M I F - C 1
C 4 8 0 9 M I F - C 1

C A D I D
F - 1 4
F - 1 4
F - 1 4
B-31
B-31
B-31
B-31
B-31
B-31
B-68
B-68
B-68
B-68
B-68
B-68

F - 2
F-2
F-2
F-2
F-2
F - 2

F C - 1
F C - 1
F C - 1
F C - 1
F C - 1
F C - 1
F C - 2
F C - 2
F C - 2
F C - 2
F C - 2
F C - 2
F C - 1
F C - 1
F C - 1
F C - 1
F C - 1
F C - 1
F C - 2
F C - 2
F C - 2
F C - 2
F C - 2
F C - 2
BC-2
BC-2
BC-2
BC-2
BC-2
BC-2
BC-1
BC-1

Depth
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"
8"-10"

10"- 12"
0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"- 12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"- 12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"- 12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"- 12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"
4"-6"
6"-8"

8"-10"
10"-12"

0"-2"
2"-4"

X-Coord
28.0
28.0
28.0
12.0
12.0
12.0
12.0
12.0
12.0
14.0
14.0
14.0
14.0
14.0
14.0
28.0
28.0
28.0
28.0
28.0
28.0
9.5
9.5
9.5
9.5
9.5
9.5
7.5
7.5
7.5
7.5
7.5
7.5

11.0
11.0
11.0
11.0
11.0
11.0
14.5
14.5
14.5
14.5
14.5
14.5
6.5
6.5
6.5
6.5
6.5
6.5
6.5
6.5

Y-Coord
0.0
0.0
0.0

11.0
11.0
11.0
11.0
11.0
11.0
6.0
6.0
6.0
6.0
6.0
6.0
9.7
9.7
9.7
9.7
9.7
9.7
2.5
2.5
2.5
2.5
2.5
2.5

18.5
18.5
18.5
18.5
18.5
18.5
11.5
11.5
11.5
11.5
11.5
11.5
1.0
1.0
1.0
1.0
1.0
1.0

13.0
13.0
13.0
13.0
13.0
13.0
24.0
24.0

Concen tra t i on ( p p m )
As

1115
165
116

2769
2704
1484
1373
785
658
922

1049
403
362
351
255

3311
917
688
683
622
765
57

103
82
58
46
68

108
112
91
95
125
83

123
154
164
151
109
51
9

35
40
23
41
-16
191
138
158
81
75
104
499
410

Pb
1889
574
451

1832
2625
1316
957
513
346

1669
1562
523
408
352
291

2400
565

. 366
410
340
473
207
153
154
102
94
100
189
114
73
71
84

139
438
468
450
468
428
212
181
211
211
199
213
250
192
204
207
191
173
139
225
195

Cd
14
6
6

15
20
12
8
7
5

13
14
7
6
7
5

30
13
8
6
5
6
6
4
5
3
4
2
4
4
4
5
4
4
8
7
9
8
8
4
6
7
5
4
6
7
9
6
7
6
6
6
7
6

Zn
610
664
606
621
594
575
497
447
361
447
447
365
350
323
287

1439
811
396
349
458
354
107
97
97
84
69
58
86
62
50
59
53
75

827
1502
1571
1416
1261
610
245
261
261
237
238
243
142
135
124
112
102
94
135
120

a p p D.xls D36



Map Coordinates and Depth Concentration Value s f or S o i l s f r o m 8 Res ident ia l Proper t i e s

M a p *
Map 8
Map 8
Map 8
Map 8

F i e l d I D
C 4 8 0 9 M I F - C 1
C 4 8 0 9 M I F - C 1
C 4 8 0 9 M I F - C 1
C 4 8 0 9 M I F - C 1

C A D I D
BC-1
BC-1
BC-1
BC-1

D e p t h
4"-6"
6"-8"

8"-10"
10"-12"

X-Coord
6.5
6.5
6.5
6.5

Y-Coord
24.0
24.0
24.0
24.0

Concen tra t i on ( p p m )
As
451
244
182
151

Pb
199
164
98
99

Cd
6
6
6
4

Zn
130
96
68
78

a p p D.x l s D37
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Appendix

A P P E N D I X El
S u r f a c e Soil and Depth P r o f i l e for Arsenic



S u r f a c e S o i l a n d D e p t h P r o f i l e f o r A r s e n i c
L o c a t i o n 1

S u r f a c e Soi l - Arseni c (ppm) - Map 1 t-

« As (<=70) • As (71 -150) As (151 -450) * As (451 -1000) • As (>1000) o Depth Borings
Scale is approximate

S u m m a r y S t a t i s t i c s N = 1 5 2
Mean= 970 ppm

SD= 787 ppm
M i n = 9 ppm

Max= 4514 ppm

Arsenic D e p t h S a m p l e s

8,8 9.4 10,1 10,15 20,15
S a m p l e

21,1 21,6 22,12

E1-1

a p p . E1 &E2 A s & P b . x I s



S u r f a c e S o i l a n d D e p t h P r o f i l e f o r A r s e n i c
L o c a t i o n 2

S u r f a c e S o i l - Arsenic ( p p m ) - M a p 2 t.16

i
12*
10

House ©••• ••©

_. Property Line

Garage

Driveway

Garden

10 15 20 25 30 35 40
© As (<=70) • As (71 -150) As (151 -450) » As (451 -1000) • As (>1000) o D e p t h Borings

Scale is approximate
S u m m a r y S t a t i s t i c s N = 1 7 7

Mean= 1889 ppm
SD= 2034 ppm

Min= 9 ppm
Max= 1 1 785 ppm

3000 -I

ocnn

cent
rati

on A
s (p

pm)

U..
.....,

,1...
....,.

....L
,. ——

0
500-

0 -•

A r s e n i c D e p t h S a m p l e s

-

t r l T f c

!— — — — — — — — — — — — — — — — — — — mo-2"
• 2-4"
I_I *T^U

\ ED 6-8"
| , B8-10"
\ H 10-1 2"

I '•SB '

1 1 | |U ^_ -fe^ B^
4,4 4.10 4,14 10,0 14,4 17,8 18,15 20,0 37,8

S a m p l e

E1-2

a p p . E 1 & E 2 A s & P b . x l s



S u r f a c e S o i l a n d D e p t h P r o f i l e f o r A r s e n i c
L o c a t i o n 3

S u r f a c e Soi l - Arsenic (ppm) - Map 3 t>

5
» As (<=70) • As (71 -1 50) As (1 51 -450) * As (451 -1 000) • As (>1 000) o Depth Borings

Scale is approximate
S u m m a r y S t a t i s t i c s N=228

Mean= 382 ppmSD= 404 ppm M i n = 9 ppm
Max= 2729 ppm

1400 -|
1 onn . _

Con
cent

rati
on A

s (p
pm)

o 
^ 

o o
o 

o 
I

s

D 
O 

O 
O 

O 
C

3 
O 

O 
O 

O 
C

Arsenic D e p t h S a m p l e s

I
1 00-2"

IBO A" \

|

04-6"
QD-O

a •8-10"
L- 1 H 10-1 2'

'•^̂ 3 ^H i:-̂ 3̂ î i r̂ Q̂
5,5 6,0 18,3 24,5

S a m p l e

E1-3

app. E1 &E2 A s & P b . x I s



S u r f a c e S o i l a n d D e p t h P r o f i l e f o r A r s e n i cL o c a t i o n 4

S u r f a c e Soi l - Arsenic (ppm) - Map 4 t-
Shed

00

Garage

H o u s e

Property Line

o

10 15 20 25 30
| a As (<=70) • As (71 -150) As ( 1 5 1 -450) « As (451 -1 OOP) • As (>1 OOP) o D e p t h Borings

Scale is approximate
Summary S t a t i s t i c s N=89Mean= 511 ppm

SD= 577 ppm
M i n = 9 ppm

Max= 2536 ppm

800 -i

"§ 600 •
Q.O."Z 500 -

.2 400 H
Ia 300uc
0 200-

100 -
0 -

y•
4 5

A r s e n i c D e p t h S a m p l e s

SO-2"
' Jj B2-4"

•:-̂ HJ i«i r̂̂ u
|H E36-8"
:H 18-10"
;K 010-12"
1
1

22,2
S a m p l e

E1-4

a p p . E 1 & E 2 A s & P b . x I s



S u r f a c e S o i l a n d D e p t h P r o f i l e f o r A r s e n i c
Loca t i on 5

S u r f a c e Soi l - Arsenic (ppm) - Map 5
1 6 - , ,
141
12 '_
10 [

3(3

t N

• •Ot« ~ '

Driveway

Garage

•©•••©©••©•©•©©••• •

••O •••••••••••••••• •

tt
House

Proper ty
Line

0 10 15 20 25 30 35
0 As (<=70) • As (71 -150) As (151 -450) * As (451 -1000) • As (>1000) o D e p t h Borings

Scale is approximate
S u m m a r y S t a t i s t i c s N=142

Mean= 2365 ppm
SD= 2701 ppm

Min= 28 ppmMax= 16176 ppm

3500 -,
onnn -

£ 9^0(1 - -3.
C f l

,0
| 1500 --e
§ 1000 -O

\J\J\J

0 - — — — — , — — — —

Arseni c Dep th Sa

I
i

|
;
|

Ita I
2,5 12,11 14,0

1̂•in ,*. L

m p l e s

SO-2"
— — — — — — — — — — — — — — — — — — — — H2-4"

D4-6"
n p o"

I •8-10"
H 1 U - 1 2 "

B

w
1

14,6 28,0 28,9.7
S a m p l e

E1-5

a p p . E 1 & E 2 A s & P b . x l s



S u r f a c e S o i l a n d D e p t h P r o f i l e f o r A r s e n i cL o c a t i o n 6
S u r f a c e S o i l - A r s e n i c ( p p m ) - M a p 630

25-

20-

15 -

10-

5 -

N

Property Line
Shed

<
( I <

4 I <4 I 44 I <
< I <

I < < )( •( »< i

<< ) (<

House

< )4 If )! I

4
i i

•

i.
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0»As(<=70) • As (71-150) As (151-450) « As (451-1000) • A s ( > 1 0 0 0 ) o Depth Borings |

Scale is approximate

S u m m a r y S t a t i s t i c s N = 1 8 9
Mean= 74 ppm

SD= 40 ppm
M i n = 9 ppm

Max= 231 ppm
Arsenic D e p t h S a m p l e s

300 n

7.5,19 9.5,2.5
S a m p l e

E1-6

a p p . E 1 & E 2 A s & P b . x I s



S u r f a c e S o i l a n d D e p t h P r o f i l e f o r A r s e n i c
L o c a t i o n 7

S u r f a c e S o i l - A r s e n i c ( p p m ) - M a p 7
30

25 -

20 -

15 -

10 -

5 -

Property Line

House

Garage

10 12 14
| ® A s ( < = 7 0 ) • As (71-150) As (151-450) » As (451-1000) • A s ( > 1 0 0 0 ) o D e p t h Borings

Scale is approximate

S u m m a r y S t a t i s t i c s N = 1 1 7
Mean= 48 ppm

SD= 37 ppm
M i n = 9 ppm

Max= 164 ppm

300 i
A r s e n i c D e p t h S a m p l e s

9.5,14 15.5,2
S a m p l e

E1-7

a p p . E1 &E2 A s & P b . x I s



S u r f a c e S o i l a n d D e p t h P r o f i l e f o r A r s e n i cL o c a t i o n 8

Property
Line S u r f a c e Soil - Arsenic ( p p m ) - Map 8

H o u s e

Garage

8 10 12 14
® As (<=70) • As (71 -150) As (151 -450) * As (451 -1 OOP) • As (>1 OOP) o D e p t h Borings

Scale is approximate

S u m m a r y S t a t i s t i c s N = 1 6 6
Mean= 232 ppmSD= 243 ppm M i n = 9 ppm

Max= 1716 ppm

800 -,
A r s e n i c D e p t h S a m p l e s

00-2"
H2-4"
D4-6"
El 6-8"
• 8-10"m 10-12'

6.5,24 7.5,11.5
S a m p l e

E1-8

a p p . E 1 & E 2 A s & P b . x l s
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A P P E N D I X E2
S u r f a c e Soil and Depth P r o f i l e for Lead



S u r f a c e S o i l a n d D e p t h P r o f i l e f o r LeadLocat i on 1

S u r f a c e Soil - Lead (ppm) - Map 1

OPb(<=400) «Pb (401-1000) Pb (1001-1500) *• Pb (1500-2000) • Pb (>2000) o D e p t h Borings
Scale is approximate
S u m m a r y S t a t i s t i c s N = 1 5 2

Mean= 1602 ppmSD= 1044 ppm M i n = 2 1 2 p p m
Max= 4829 ppm

Lead D e p t h S a m p l e s

8,8 9,4 10,1 10,15 20,15
S a m p l e

21,1 22,12

E2-1

a p p . E 1 & E 2 A s & P b . x l s



S u r f a c e S o i l a n d D e p t h P r o f i l e f o r LeadLocat ion 2

S u r f a c e Soi l - Lead ( p p m ) - Map 2

•«»•*••• ••••<§©!
- P — — f e ^ ~

5 10 15 20 25

t"
Property Line

Garage

Driveway

Garden

• ' *

30 35 40
ffi Pb (<=400) • Pb (401 -1000) Pb (1001 -1500) * Pb (1500-2000) • Pb (>2000) o Depth Borings

Scale /s approximate
S u m m a r y S t a t i s t i c s N = 1 7 7Mean= 1258 ppm

SD= 942 ppm
M i n = 65 ppm

Max= 4889 ppm

E2-2

3500 -I

O U L A /

1" 2500 -Q._g.

S. 2000 -c.0
^ i=;nno>
gQ 1000 -

cnn

0 - — — — — — — — — n - - — — — — , — — — — — — — — r

Lead D e p t h S a m p l e s
I

\•t \
\
\ I k J C ^

4,4 4,10 4,14

I 00-2"
— — — — — — — — — — — — — — — — — — — — — — — — — H 2-4"

D 4-6"
: 5 tJ D-o\ ms-w

b ra 5 H 10-1 2"
I I
L I I •*
:§TE- b̂̂ «, mm.* I m

10,0 14,4 17,8 18,15 20,0 37,8
S a m p l e

a p p . E 1 & E 2 A s & P b . x I s



S u r f a c e S o i l a n d Depth P r o f i l e f o r LeadLocat i on 3

S u r f a c e Soi l - Lead (ppm) - Map 3
12 -i t-

®Pb(<=400) »Pb (401 -1000) Pb (1001-1500) a Pb (1500-2000) •Pb(>2000) o D e p t h Borings
Scale is approximate

S u m m a r y S t a t i s t i c s N=228
Mean= 294 ppm

SD= 216 ppm
M i n = 22 ppm

Max= 1542 ppm

Lead Depth S a m p l e s
800 -,
ynn -4
C A A

^̂  n̂n - •J3 3 U U

0.
o 400 - •
?
§ 300-
0 200 -

1 UU

0 -

r
•
!

f

ll 1

00-2"
H2-4"
LJ "t̂ U

ED 6-8"
I H S - I O "1- a 10-1 2"i pli 1a lib ( m,

5,5 6,0 18,3 24,5
S a m p l e

E2-3

a p p . E 1 & E 2 A s & P b . x l s



S u r f a c e S o i l a n d D e p t h P r o f i l e f o r LeadLocat i on 4

9 -,
8
7 -
6
5
4
31
2 >-.
1 *<

i

0 —
0

S u r f a c e Soil - Lead ( p p m ) - Map 4 | N

Shed
® & •
• * % ®

© * •

Garage
*

*
• •

House

® ® ® © :»

•« • ®

• ••• •

©

• * • •
• x? © •

» * •
©••••• • & iS • • •«• •

/ Line

1

S 10 15 20 25 30
®Pb(<=400) «Pb (401 -1000) Pb (1001 -1500) * Pb (1500-2000) • Pb (>2000) o D e p t h Borings
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S u r f a c e Soil and Depth P r o f i l e for Cadmium
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S u r f a c e Soi l and Depth P r o f i l e for Zinc
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P r o p e r t y Line
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7000
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A P P E N D I X F 3
S a m p l e Locations and Concentrations

Above 6000 ppm



S A M P L E L O C A T I O N S A N D C O N C E N T R A T I O N S ABOVE 6000 P P M

Location
2

5

X-Coord
15
15
20
16
1
6
6
7
1

14
31
13
19
20
21
22
23
25
20
23

Y-Coord
5
6
6
7
9

11
11.5
11.5

12
4

9.7
10
11
11
11
11
11
11
12
12

ArsenicConcen tra t i on( p p m )
6,139

1 1 ,785
6,841
6,934
7,810
6,887

1 1 ,742
6,748
6,374

13,171
7,026
7,165
6,654

1 1 ,657
9,656

11,913
16,176
6,701
8,898
7,165

a p p F 3 . x l s
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A P P E N D I X G
Risk Based S a m p l i n g 2-D Contour Maps
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A P P E N D I X Gl
/ . .

Distribution of Arsenic
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APPENDIX G2
Distribution of Lead
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A P P E N D I X H
Risk Based Environmental and Biomonitoring

S a m p l e Results



Vasquez Blvd/I-70 RI Report
Appendix

A P P E N D I X H I
Analytical Results for Household and Att i c Dust



A N A L Y T I C A L R E S U L T S F O R H O U S E H O L D A N D A T T I C D U S T

ResidenceCode
A
ABB
CC
D
D
E
E
F
F
G
G
H
H

1
1

J
J
K
K
L
L

M
M
N
N
O
O
P
P

--

Lab N u m b e r
ND-98-2826D
ND-98-2812D
ND-98-2825D
ND-98-2835D
ND-98-2834D

N C
ND-98-2832D
ND-98-2804D
ND-98-2831D
ND-98-2813D
ND-98-2824D
ND-98-2820D
ND-98-2821 D
ND-98-2814D
ND-98-2829D

N C
ND-98-2819D
ND-98-2816D
ND-98-2805D
ND-98-2818D
ND-98-2815D
ND-98-2817D
ND-98-2837D
ND-98-2836D
ND-98-2827D
ND-98-2833D
ND-98-2823D
ND-98-2822D
ND-98-2807D
ND-98-2808D
ND-98-2828D
ND-98-2830D
ND-98-2806D
ND-98-2809D
ND-98-2810D
N D - 9 8 - 2 8 1 1 D

S a m p l e
T v p e

H
A
H
A
H
A
H
A
H
A
H
A
H
A
H
A
H
A
H
A
H
B
H
B
H
H
H
A
H
A
H
A

QC
QC
QC
QC

I C P Concentrat ion ( p p m )
Q

U
U
U
U
U
U

U
UU
U

U
U
U

U

U

As
I S
53
45
I S
45
45
45
I S
45
I S
45
I S
62
45
45
45
I S
45
I S
62
45
45
45
I S
I S
I S
45
I S
I S
45

441
558
89
96

Cd
I S
71
13
I S
21
18
30
I S
49
I S
36
I S
59
12
12
21
I S

173
I S
29
5

27
18
I S
I S
I S
44
I S
I S
27
54
66
170
75

Pb
IS

1742
148

I S
343
151

2900
IS

554
I S

999
I S

1507
121
402
253

I S
399

I S
673
421

1276
336

I S
I S
I S

625
I S
I S

890
3683
3697
979
950

Zn
I S

7218
453

I S
753
254
689

I S
1076

I S
1080

I S
3168
391

1039
443

I S
2126

I S
6116
590

4816
690

I S
I S
I S

1121
I S
I S

3194
7163
7035
383
383

X R F Concentrat ion ( p p m )
Q

U

U

U

As
83

499
169
45
77
130
53

116
85
70
I S
84

377
51
96
104
126
45
I S
78
123
47
45
I S
97
I S

164
422
172
70

719
821
65

131

Cd
24
67
9

32
24
7
7
18
36
24
I S
16
46
14
23
10
16

275
I S
27
14
35
6

I S
12
I S
39
15
19
12
30
36
35
52

Pb
79

2809
79

828
230
116

4106
76

563
220

I S
385

1946
67

361
231
100
293

I S
811
310

1698
222

I S
158

I S
1145
916
99

1037
5507
5583
1115
1464

Zn
869

4538
660

4383
955
318
427
648

1362
610

I S
1645
3433
517

1308
544

1905
2777

I S
6865
982

5197
734

I S
846

I S
2002
1459
761

2529
5973
5895
334
328

- N o t A p p l i c a b l e
A - A t t i c Dust
H - H o u s e h o l d Dust
B - Basement Dust
Q C - B l i n d Q u a l i t y Contro l S a m p l e ( N I S T Standard #2711)I S - I n s u f f i c i e n t s a m p l e a v a i l a b l e f o r c o l l e c t i o n
N C - N o t C o l l e c t e d

a p p H 1 at t i c dust res.xls
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A P P E N D I X H 2
Analyt ical Results f or Residential Tap Water S a m p l e s



A N A L Y T I C A L R E S U L T S F O R R E S I D E N T I A L T A P W A T E R S A M P L E S

Residence Code
AB
CD
E
F
G
H

1
J
K
L

M
N
O

Lead (
Q
UU
U
U

U
U
U

F i r s tF l u s h
3
3—
3
3

3.1
5.4
3

11.4
3
3—
~

3.1
4.5

A / O / L )
Q
U
U
U
U
U
U
U

U
U

PostF l u s h
4.3
3—
3
3
3

5.9
3

6.0
3
3~
—
3
3

U - Not detected-- Not C o l l e c t e d

Raw D a t a / a p p H 2 . x l s
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A P P E N D I X H 3
Lead Paint Measured in Removal Properties



LEAD P A I N T M E A S U R E D I N R E M O V A L P R O P E R T I E S
ResidenceCode

A

B
C

D
E

F

I n t e r i o r /Exterior
1
E
E
1

E

1
E
1

E

1

E

Room
Kitchen-•

—
L i v i n g Room

Bedroom

Living Room-
Living RoomK i t c h e nBedroom

Living Room

Bedroom

Kitchen

S a m p l eI D

510
1
2
6
7
2
1
2
3
1
1
1
3
51
3
5
6
7
9

10
1
2
3
4
5
6
7
1
3
4
5
7
1
2
3
5
2
3
4
5

S a m p l e Location
S o u t h W a l lS o f f i tDoor Frame

W i n d o w S i l lW i n d o w S i l l
Door Frame

Exterior DoorW i n d o w S a s hW i n d o w W e l lDoorS u p p o r t Column
Porch C e i l i n gW i n d o w Casing
Door FrameS o f f i t
Door J a m bDoor FrameBaseboard

Door F r a m eDownspoutRoof T r i mF a s c i aS o f f i tW i n d o w M u l l i o nPorch C e i l i n g
Door FrameExterior DoorT h r e s h o l dDoor CasingW i n d o w S i l lW i n d o w CasingBaseboardDoor F r a m eW i n d o w S i l lW i n d o w S a s hDoor Cas ingT h r e s h o l dDoor FrameDoorDoor CasingW i n d o w S i l lW i n d o w CasingWindow CasingW i n d o w S i l lS u p p o r t Co lumn

Result (mg
P b / c m 2 )

2.96.9
4.8
0.4
0.4

11.4
5.9
0.9
3.1

11.1
13.2
12.2
2.4
1.1
1.1
1.2
1.5
0.4
4.9
4.0
1.6
4.1
3.3
2.4
1.6
1.7
1.1
1.7
1.1
2.6
0.8
0.8
1.4
0.4
5.6
1.0
1.9
2.4
2.3
1.0
1.5
3.8
3.8
3.6
4.8

PaintC o n d i t i o n
111
11
11
2
2
1
1
1
1
1
1
1
1
1
1
2
1
1
2
1
3
1
1
1
1
1
1
11
1
1
1
3
1
1
1
1
3
1
2
2

Comments

a p p - H 3 . x l s H3-1



ResidenceCode
F

G

H
1

J

K

I n t e r i o r /Exterior
E

1
E
E

1

E

1

E
1

E

Room

L i v i n g Room—
--

L i v i n g Room

K i t c h e n

L i v i n g Room
K i t c h e n--

Bedroom

S a m p l eI D
6
7
8
9
1
2
3
1
1
2
6
8
911
1
2
3
4
5
6
8
9
10
1
2
3
4
5
7
8
911
1
2
4
1
1
1
2
3

S a m p l e Location
Porch C e i l i n gW i n d o w Cas ingW i n d o w S i l lS h u t t e r
Door F r a m ePorch C e i l i n gS u p p o r t C o l u m n

E x t . W a l l S i d i n g
Door FrameDoor J a m bT o p DrawerW i n d o w W e l lW i n d o w J a m b
BaseboardDoor FrameDoor C a s i n gDoor C a s i n g

Door FrameW a l l
Door
W a l l

W i n d o w S i l l
W i n d o w S a s hPorch C e i l i n gBeamS o f f i t
W i n d o w S a s h

E x t . W a l l S i d i n gW i n d o w S a s hCorner BoardL a p S i d i n gW i n d o w C a s i n g
Door F r a m e
Door J a m bDoor FrameG u t t e r

DoorBeamS u p p o r t C o l u m n
W i n d o w T r i m

Result (mg
P b / c m 2 )

2.5
4.4
6.1
7.2
1.2
1.6
1.8
5.7

16.1
0.8
2.8
0.5
3.0
0.3
1.6
1.9
1.9
1.9

14.8
4.1
19.0
4.5
6.1
5.5

13.9
13.2
7.9
7.8
1.9

14.4
8.8
12.2
1.7
2.5
1.3
1.4
0.4
1.0
2.0
10.5

Paint
C o n d i t i o n

21
11
1
2
3
3
1
1
1
3
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
3
2
2
1
1
1
1
1
1
1
1

Comments

( b e i n g covered)

a p p - H 3 . x l s H3-2



ResidenceCode
L

M

N

I n t e r i o r /
Exterior

1

E

1

E

E

Room
L i v i n g Room

Bedroom

K i t c h e n

K i t c h e n

L i v i n g Room

Bedroom

--

S a m p l e
I D
1
2
3
4
5
7
9
1
2
4
5
6
7
8
1
2
4
5
7
8
2
4
7
3
4
5
6
1
2
5
1
2
5
1
2
3
4
.4

S a m p l e Locat ion
Door Frame
Door J a m bDoor Cas ingW a l lDoor Frame

W i n d o w S i l lBaseboardTransomDoor Cas ingDoorBaseboardW a l lW i n d o w W e l lW a l lDoor FrameDoor Cas ingDoor F r a m eDoor C a s i n gW i n d o w S i l lDoorW i n d o w S i l lW i n d o w S i l lW a l l S t r i p e
W i n d o w Cas ingDoor Cas ingDoorBaseboardDoor FrameDoor Cas ingW i n d o w S i l lDoorDoor Cas ingW i n d o w S i l lF a s c i aS u p p o r t C o l u m nT h r e s h o l dExt. Door
W i n d o w C a s i n g

Resul t (mgP b / c m 2 )
4.9
3.5
8.3
3.6
9.2
8.2
13.4
11.6
8.4
10.8
18.3
7.8
18.2
3.9
9.8
8.1
4.8
6.1
5.0
8.1
6.5
6.5
2.5
2.4
2.1
1.2
1.9
1.3
0.8
1.4
2.0
3.1
1.5
2.4
5.5
1.9
1.3
3.3

PaintC o n d i t i o n
11111111111111111111111
1111111111
3
2
1
1
1

Comments

a p p - H 3 . x l s H3-3



ResidenceCode
O

P

I n t e r i o r /Exter ior
1

E

1
E

Room
K i t c h e n

L i v i n g Room

Bedroom

L i v i n g Room
~~

S a m p l eI D
1
2
3
4
1
2
3
1
2
3
5
6
1
2
5
6
7
9
1
1
3

S a m p l e Location
Door

Door F r a m e
Door, W a l lDoor Frame

T h r e s h o l dDoor C a s i n gDoor FrameDoor J a m bDoor C a s i n g
W i n d o w S i l lW i n d o w W e l lW i n d o w S i l lDoor Cas ingCorner BoardDoor CasingDoorFencepo s t
Door FramePorch C e i l i n gDoor F r a m e

Resul t (mgP b / c m 2 )
2.5
1.6
2.1
1.4
2.1
3.6
1.7
1.6
2.3
2.0
1.5
7.2
7.5
2.7
5.7
3.9
0.5
1.7
0.7
2.2
1.4

Paint
C o n d i t i o n

111
1
1
2
1
1
1
1
2
2
2
1
2
1
2
3
1
2
1

Comments

a p p - H 3 . x l s H3-4
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A P P E N D I X H4
Summary Stat i s t i c s for Lead Paint
Measured On Removal Properties



Summary S t a t i s t i c s f o r Lead PaintMeasured on Removal Proper t i e s
Location

T o t a lProperty

I n t e r i o r

Exterior

Sta t s
NM i n i m u mMaximumMean
NM i n i m u mM a x i m u mMeanNM i n i m u mM a x i m u mMean

Concentration (mg P b / c m 2 )T o t a l
144.00.3
19.0
4.4
89.0
0.3

19.0
4.2
55.0
0.4
14.4
4.8

<1
14
0.3
0.9
0.6
11
0.3
0.9
0.6
3

0.4
0.5
0.4

1-5
87.0
1.0
5.0
2.4

55.0
1.0
5.0
2.2

32.0
1.0
4.9
2.7

>5
43.0
5.5
19.0
9.8

23.0
5.6

19.0
10.6
20.0
5.5
14.4
8.9

a p p - H 4 . x l s H 4
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A P P E N D I X H5
Summary S t a t i s t i c s for Lead Paint

By Removal Property



Summary Sta t i s t i c s for Lead Paint
By Removal P r o p e r t y

Locat ion

A

B

C

D

E

F

G

H

1

J

K

L

M

S t a t s
N
M i n i m u m
Maximum
Mean
N
M i n i m u m
Maximum
Mean
N
Minimum
Maximum
Mean
N
M i n i m u m
Maximum
Mean
N
M i n i m u m
Maximum
Mean
N
M i n i m u m
Maximum
Mean
N
M i n i m u m
MaximumMean

N
M i n i m u m
Maximum
Mean
N
M i n i m u m
M a x i m u m
Mean

N
M i n i m u mMaximum
Mean

N
M i n i m u m
Maximum
Mean
N
M i n i m u m
Maximum
Mean

N
Minimum
M a x i m u m

Mean

Concentra t ion ( m g P b / c m 2 )Total
3.0
2.9
6.9
4.9
2.0
0.4
0.4
0.4
8.0
0.9

13.2
7.5
2.0
1.1
1.1
1.1

10.0
0.4
4.9
2.5

24.0
0.4
7.2
2.6
3.0
1.2
1.8
1.5
1.0
5.7
5.7
5.7

24.0
0.3

19.0
6.9
4.0
1.3
2.5
1.7
4.0
0.4

10.5
3.5

23.0
2.5

18.3
8.2

14.0
0.8
5.5
2.1

<1
N / A
N / A
N / A
N / A

2
0.4
4

0.4
1

0.9
0.9
0.9
N / A
N / A
N / A
N / A

1
0.4
0.4
0.4
3

0.4
0.8
0.7

N / A
N / A
N / A
N / A
N / A
N / A
N / A
N / A
3

0.3
0.8
0.5

N / A
N / A
N / A
N / A

1
0.4
0.4
0.4
N / A
N / A
N / A
N / A

1
0.8
0.8
0.8

1-5
2.0
2.9
4.8
3.9

N / A
N / A
N / A
N / A
2.0
2.4
3.1
2.8
2.0
1.1
1.1
1.1
9.0
1.2
4.9
2.7

18.0
1.0
4.8
2.4
3.0
1.2
1.8
1.5

N / A
N / A
N / A
N / A
9.0
1.6
4.5
2.6
4.0
1.3
2.5
1.7
2.0
1.0
2.0
1.5
7.0
2.5
5.0
4.0

12.0
1.2
3.1
1.9

>5
1.0
6.9
6.9
6.9

N / A
N / A
N / A
N / A
5.0
5.9

13.2
10.8
N / A
N / A
N / A
N / A
N / A
N / A
N / A
N / A
3.0
5.6
7.2
6.3

N / A
N / A
N / A
N / A
1.0
5.7
5.7
5.7

12.0
5.5

19.0
11.6
N / A
N / A
N / A
N / A
1.0

10.5
10.5
10.5
16.0
6.1

18.3
10.0
1.0
5.5
5.5
5.5

a p p - H 5 . x l s H 5 - 1
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A P P E N D I X H 6
Analytical Results for Vege tab l e and Garden Soil



A N A L Y T I C A L R E S U L T S F O R V E G E T A B L E S A N D G A R D E N S O I L

S a m p l e T y p e
M i n tPotatoCo-located Garden S o i lYard Soi l ( M e a n )

C o n c e n t r a t i o n ( p p m )QUU
Arsenic1.01.0

4.3
710

QUUU
U

C a d m i u m
0.50
0.50
0.54
290

Q
U
U

Lead5.0
5.0

40.3
690

Q Zinc
15.5
4.3

62.9
149C o l l e c t e d a t Residence J.

a p p H - 6 . x l s
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A P P E N D I X H 7
Mean Concentration Measurements in Yard Soi l



M E A N C O N C E N T R A T I O N M E A S U R E M E N T S I N Y A R D S O I L
ResidenceCode

AB
C
D
E
F
G
H

1
J
K
L

N
O
P
Q

Mean As( p p m )
2267
500
204
365
500
770
307
510
705
710
209
1400
570
720
291
325

Mean Ud
( p p m )
290
290
290
290
290
290
290
290
290
290
290
290
290
290
290
290

Mean Pb
( p p m )
1700
174
342
460
560
835
259
403

1600
690
133
680
300
430
149
155

Mean Zn( p p m )
700310
312
220
235
325
196
317
515
240
149
710
250
325
335
235

* Conc en t ra t i on values are the mean of the 5-po intc ompo s i t e s c o l l e c t e d i n t h e Phase I I S a m p l i n g
Event ( S u m m e r 1998).

app H 7.xls
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A P P E N D I X H 8
Risk Based Biomomtoring Analyt i ca l Results



A n a l y t i c a l Resu l t s f o r B l o m o n i t o r i n g

Residence
Code

A-1
A-2
E-1
E-2
E-3
E-4
J - 1
L-1

O-1"
O-1"
O-2"
O-2"
O-3
O-4
O-5
P-1
P-2

Race
H i s p a n i c
H i s p a n i c
H i s p a n i c
H i s p a n i c
H i s p a n i c
H i s p a n i c

N A
W h i t e

H i s p a n i c
H i s p a n i c
H i s p a n i cH i s p a n i c
H i s p a n i c
H i s p a n i cH i s p a n i cI n d i a nI n d i a n

Gender
F

M
M
F

M
F
F

M
F
F
F
F
F

M
F
F
F

Age (yrs)
58
56
51
47
7
3

70
65
43
43
9
9

22
17
13
16
43

C o l l e c t i o n
Date

10/20/1998
10/20/1998
10/20/1998
10/23/1998
10/23/1998
10/23/1998
10/22/1998
10/28/1998
1 1 / 0 3 / 1 9 9 8
1 1 / 0 6 / 1 9 9 8
1 1 / 0 3 / 1 9 9 8
1 1 / 0 6 / 1 9 9 8
11/03/1998
1 1 / 0 3 / 1 9 9 8
1 1 / 0 3 / 1 9 9 8
10/28/1998
10/28/1998

C o l l e c t i o nT i m e
1130
1130
730

1746
1750
1755
1045

N A
1805
1710
1810
1725
1818
1829
1812
1645
1715

DateRecleved
10/23/1998
10/23/1998
1 0 / 2 3 / 1 9 9 8
1 0 / 2 7 / 1 9 9 8
10/27/1998
10/27/1998
10/23/1998
1 0 / 3 1 / 1 9 9 8
1 1 / 0 7 / 1 9 9 8
1 1 / 1 2 / 1 9 9 8
1 1 / 0 7 / 1 9 9 8
1 1 / 1 2 / 1 9 9 8
11/10/1998
1 1 / 0 6 / 1 9 9 8
1 1 / 0 6 / 1 9 9 8
1 0 / 3 1 / 1 9 9 8
1 0 / 3 1 / 1 9 9 8

Date
Reported

10/30/1998
10/30/1998
10/30/1998
10/30/1998
10/30/1998
10/30/1998
10/30/1998
1 1 / 0 5 / 1 9 9 8
1 1 / 1 2 / 1 9 9 8
1 1 / 1 2 / 1 9 9 8
1 1 / 1 2 / 1 9 9 8
1 1 / 1 2 / 1 9 9 8
11/17/1998
1 1 / 1 7 / 1 9 9 8
1 1 / 1 7 / 1 9 9 8
1 1 / 0 5 / 1 9 9 8
1 1 / 0 5 / 1 9 9 8

ug As/g
( h a i r )

N D
N D
N D
N D
N D
N D
N D
N D
N D
N D

0.41
N D
N D
N D
N D

R e p o r t i n gLimit ug
A s / g ( h a i r )

0.32
0.260.41
1.161.32
0.43
0.38
0.91
0.28
0.39

0.45
0.39
0.3

0.29

ug P b / d L
( b l o o d )

3
4
3
2
2
2
2
2
3
2
1
2
2

N D
2

Repor t ing
L i m i t ug

P b / d L
( b l o o d )

1.0

mgc r e a t i n l n e / L( u r i n e )
160
224
397
1294
906
564
267

1698
1339
239
657

1399
1719
1520
424

ug As/L
( u r i n e )

N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D

Repor t ing
Limit ug As/L

(ur ine)
20
2020
20
20
20
20
20
20
20
10
10
10
20
10

ug As/gcreat lnine
( u r i n e )

N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D

K e p o r t m gL i m i t ug
A s / g

creat inine
(urine)

13589.250.4
15
22
35
65

11.8
15

83.6
15.2
7.1
5.8

13.2
47.2

s p e c i f i c
gravity
1.004

N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A
N A

ND = N o n e Detected
N A = N o t A v a i l a b l e" Blood s a m p l e s were taken on 1 1 / 6 / 9 8 , s e para t e ly f rom hair and urine on 1 1 / 3 / 9 8

a p p H 8 . x l s
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A P P E N D I X I
Phase III Maximum Theoret ical Arsenic

Hot S p o t Concentration Analysis



Maximum Theore t i ca l Arsenic Hot S p o t Concentration A n a l y s i s
Resul t s in m g / k g

Arsenic
M T H C

1570
1570
1560
1560
1550
1550
1530
1530
1520
1510
1510
1500
1500
1500
1490
1490
1490
1480
1480
1480
1450
1450
1450
1440
1430
1430
1430
1420
1420
1410
1410
1390
1380
1380
1360
1360
1360
1350
1350
1350
1350
1340
1340
1340
1340

C o m p o s i t e S a m p l e s
Max Cone.

172
172
171
171
170
170
168
168
167
166
166
165
165
165
164
164
164
163
163
163
160
160
160
159
158
158
158
157
157
156
156
154
153
153
151
151
151
150
150
150
150
149
149
149
149

95% UCL
208
176
199
196
188
208
218
196
194
190
187
185
190
172
193
191
186
199
183
203
172
168
166
216
188
179
201
213
185
166
169
175
174
176
159
178
168
175
186
162
173
189
179
182
159

Grab S a m p l e s
Max Cone.

89
1118
165
221
130
469
579
429
298
166
149
488
904
395
335
288
283
699
509
453
210
445
294
227
92

333
279
24

486
343
543
254
344
235
244

1135
225
179
146
396
230
271
253
354
221

Mean
51

316
109
93
97

136
156
87

240
117
90
150
182
154
127
100
188
102
89

113
120
182
144
105
68

141
106
14

105
150
125
91

116
118
116
276
98

115
94

126
115
177
58
180
102

A p p I M T H C - x I s 1-1



Maximum Theore t i ca l Arsenic Hot S p o t Concentration A n a l y s i s
Result s in m g / k g

Arsenic
M T H C
1330
1330
1330
1320
1320
1320
1310
1300
1300
1290
1290
1280
1280
1260
1260
1260
1250
1250
1250
1240
1230
1230
1230
1220
1220
1220
1210
1210
1210
1210
1200
1200
1190
1190
1180
1170
1170
1170
1160
1160
1160
1140
1140
1140
1120

C o m p o s i t e S a m p l e s || Grab S a m p l e s
Max Cone.

148
148
148
147
147
147
146
145
145
144
144
143
143
141
141
141
140
140
140
139
138
138
138
137
137
137
136
136
136
136
135
135
134
134
133
132
132
132
131
131
131
129
129
129
127

95% UCL
164
156
179
183
179
179
170
174
156
147
179
150
181
175
155
170
162
164
167
149
153
142
158
144
164
193
140
144
171
154
170
168
146
150
137
156
155
140
153
158
163
147
144
143
153

Max Cone.
657
324
45

237
60

742
866
110
165
529
447
431
910
309

1011
126
916
198
176
275
545
135
297
181
568
104
272
198
96
88

810
312
85

212
29

129
206
579
298
773

1492
84

410
163
224

Mean
303
90
35
92
36

128
109
59

102
126
94
145
367
127
203
57
146
108
67

141
191
59

120
91

171
41
166
122
32
46

199
165
40
102
15
76
145
197
135
103
122
51

141
117
78

A p p I M T H C . x l s I - 2



Maximum T h e o r e t i c a l Arsenic H o t S p o t Concentrat ion A n a l y s i s
Resul t s in m g / k

Arsenic
M T H C
1120
1110
1110
1110
1100
1100
1090
1090
1090
1080
1070
1070
1060
1060
1050
1050
1050
1050
1040
1040
1040
1030
1030
1020
1020
1020
1020
1010
1010

C o m p o s i t e S a m p l e s
Max Cone.

127
126
126
126
125
125
124
124
124
123
122
122
121
121
120
120
120
120
119
119
119
118
118
117
117
117
117
116
116

95% UCL
133
139
148
138
134
137
149
139
159
131
140
133
149
142
142
135
127
150
129
139
139
135
139
146
128
144
132
128
149

g
Grab S a m p l e s

Max Cone.
695
338
346
368
371
273
256
272
36

199
980
639
302
86

198
46

203
216
346
323
223
221

1439
58

611
225
552
479
169

Mean
237
105
106
115
191
65
54

113
25
45

176
242
49
28
53
24
103
120
117
110
69
54

189
35

237
93
62

163
42

A p p I M T H C . x l s I - 3
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APPENDIX J
Garden Soil and Garden V e g e t a b l e Data



G A R D E N V E G E T A B L E A N D S O I L D A T A

P r o p e r t yI D
1
1
1
1
1
1
1
1
1
1
2
3
4
4
4
4
4
4
5
5
6
6
6
6
6
6
6
6
6
6
6
6
7
7
8
8

G a r d e n V e g e t a b l e s
V e g e t a b l e T y p e

Rhubarb
Chard

P e p p e r s
S q u a s h
S q u a s h

E g g p l a n tCabbageC a u l i f l o w e r
Tomato e s

Squash
T o m a t i l l o

C o l l a r d Greens
Let tuc e
Carrots
Beets

T u r n i p Greens
Rutabaga

C o l l a r d Greens
C o l l a r d Greens

P e p p e r s
Onions
Carrots

Beets
T u r n i p s

C a u l i f l o w e r
C o l l a r d Greens
Col lard GreensCucumbers

Z u c c h i n i
Squash

T o m a t o e s
Cabbage
Cabbage
T o m a t i l l o

Beets
T u r n i p s

I Dry Wt. Cone ( m g / k g dw)
As Pb

0.05 U 0.61
0.10 J 0.57
0.05 -; U 0.1 1 J
6.06 J ; 0.20
0.05 U 0.05 Uo.os j; 0.05 u
0.05 U: 0.05 : U
0.05 U 0.05 : U
0.05 U 0.05 i U
0.05 U 0.07 J
0.05 U 0.05 t U
0.34 0.24 :
0.10 J : 2.20 ?
0.06 J 0.96
0.05 U 0.94
0.08 ; J 0.68
0.17 :' 0.80 i
0.32 0.20
0.16 ; 0.50
0.05 U 0.05 i U
6.30 , : 1.78
0.50 1.34
1.09 1.13
3.45 1.21
0.46 0.50
0.37 , 0.12 J
0.63 -, 0.11 J
2.92 0.27
1.63 j 0.11 ': J
0.63 ; 0.08 J
0.08 J 0.05 U
0.31 0.05 -- U
0.08 J 0.08 J
0.05 U; 0.06 J
0.34 2.32
0.52 ; 0.98

% S o l i d
8.70
6.52

10.60
3.64
13.70
10.10
10.10
9.98
7.71
4.26
16.50
12.90
10.50
13.20
12.70
13.60
11.40
17.10
12.10
15.00
15.60
13.10
13.90
6.11
10.00
15.50
16.20
5.92
9.54
9.70

13.30
9.95

19.90
16.30
19.70
7.29

Wet Wt. Cone ( m g / k g ww)
As Pb

4.35E-03 : 5.31 E-02
6.52E-03 3.72E-02
5.30E-03 1.17E-02
2.18E-03 7.28E-03
6.85E-03 6.85E-03
8.08E-03 ; 5.05E-03
5.05E-03 5.05E-03
4.99E-03 4.99E-03
3.86E-03 3.86E-03
2.13E-03 2.98E-03
8.25E-03 8.25E-03
4.39E-02 3.10E-02
1.05E-02 2.31 E-01
7.92E-03 1.27E-01
6.35E-03 1.19E-01
1 .09E-02 9.25E-02
1.94E-02 9.12E-02
5.47E-02 i 3.42E-02
1 .94E-02 6.05E-02
7.50E-03 L 7.50E-03
9.83E-01 2.78E-01
6.55E-02 ; 1.76E-01
1 .52E-01 1 .57E-01
2.11 E-01 7.39E-02
4.60E-02 5.00E-02
5.74E-02 1.86E-02
1.02E-01 i 1.78E-02
1.73E-01 1.60E-02
1.56E-01 : 1.05E-02
6.11 E-02 7.76E-03
1 .06E-02 6.65E-03
3.08E-02 4.98E-03
1.59E-02 ; 1.59E-02
8.15E-03 ? 9.78E-03
6.70E-02 4.57E-01
3.79E-02 \ 7.14E-02

Garden S o i l s
As \ Pb

1 1 U , 1 2 3
11 U 110
11 U 152
15 ; ? 249
1 1 U ' 1 0 1
1 1 U ; 1 2 7
1 1 U ; 1 1 1 '1 1 U ; 1 0 1
11 ; IH 105 -i
11 I Ui 223 ;
11 5 U; 114 i
11 i U;i 96 5
12 ; I 128 5' i i ' ' i f i n """tig"" 1 " ' "
11 5 I 130 :;
11 ; 5 130 J
11 :; U 1 116 J
11 U 116 I
11 U ; 52 ; U
12 87 >;
73 : 146
47 Ji 104 J
55 ' v 9840 ; 90
93 ; 124 ;
57 140
43 3 132
69 , ; 172
45 280
46 137
25 J 139 5
48 •: • 110
11 U 66 :
11 U; 57
11 U; 236 :
20 =: ; 261 :

Yard S o i l s
AsMean

<11

<11
54

<11

<11
129

106
22

PbMean
180

94
237
127

90
211

129
225

J - 1



P r o p e r t yI D
9
9
10
11
11
11
11
11
11
12
12
12
12
13
13
13
13is
13
13
13
13
14
14
14
15
15
15
15
16
17
17
18
19
19

I 19

G a r d e n V e g e t a b l e s
V e g e t a b l e T y p e

Tomato e s
Tomato e s
T o m a t o e s

Garl i c*
Chard

Onions
C o l l a r d Greens
C o l l a r d GreensCucumbers

CarrotsC o l l a r d GreensC o l l a r d GreensCoiiard GreensOnionsCel ery
T u r n i p sC o l l a r d GreensSquashPeasCabbage

Tomato e sCabbageOnions
P e p p e r s
BroccoliCucumbers

T o m a t o e sT o m a t i l l oTomatoe sP e p p e r s
T o m a t o e s

P e p p e r s
T o m a t o e s

Beans
T o m a t i l l o
T o m a t o e s

Dry Wt. Cone ( m g / k g dw)
As ; Pb

0.05 U; 0.05 U
0.05 U 0.05 U
0.05 U 0.62
1.24 < 38.60
0.14 Y J ; 4.31
0.10 ' .; J 1.67 '•:
0.07 J 0.53
0.12 ' " > J 0.16
0.67 • 0.18
0.27 ; 1.15
0.38 ; 0.58 I
0.56 < 0.30
0.27 I T 0.29 i
0.17 : 1.87
0.19 ? 2.05 :

0.33 1.57
0.11. J 0.16
0.05 J 0.29
0.05 U 0.06 J
0.13 J 0.05 U
0.05 U ) 0.05 ' " " ; ' U
0.05 U 0.05 U
0.14 J 0.68
0.05 ; U; 0.20
0.08 J - 0.06 J
0.68 ; 0.66
0.05 U: 0.33
0.10 , J 0.16 :
0.05 ; U 010 J
0.15 -. \ 0.15 ; J
0.05 I U 0.18
0.05 r U' 0.05 , U
0.05 4 U 0.11 : J
0.05 ' U: 0.13 J
0.05 Tuf 0:20 '"':'0.05 in 0.05 u

% Solid
7.07
6.54
7.67

16.50
13.20
12.40
13.80
13.60
6.02
11.00
12.00
13.00
11.00
14.80
8.25

10.20
13.70
6.17

22.50
ii.60
9.96
9.24

13.80
9.68

12.20
4.55
5.84
7.37
6.63

13.10
5.90
13.60
5.77

19.00
6.47
6.05

Wet Wt. Cone ( m g / k g ww)
As Pb

3.54E-03 3.54E-03
3.27E-03 : 3.27E-03
3.84E-03 4.76E-02
2.05E-01 6.37E+00
1.85E-02 5.69E-01
1.24E-02 i 2.07E-01
9.66E-03 7 31 E-02
1.63E-02 2.18E-02
4.03E-02 V 1.08E-02
2.97E-02 1 .27E-01
4.56E-02 6.96E-02
7^28E-02 3.90E-02 _ 2
2.97E-02 3.19E-02 "
2.52E-02 2.77E-01
1.57E-02 1.69E-01
3.37E-02 1.60E-01
1.51 E-02 2.19E-02
3.09E-03 1.79E-02
1.13E-02 1.35E-02
1.51 E-02: 5.80E-03
4.98E-03 4.98E-03

~ 4.62E-03 4^62E-63
1.93E-02 9.38E-02
4.84E-03 "\ i.94E-02
9.76E-03 7.32E-03
3.09E-02 3.00E-02
2.92E-03 1 .93E-02
7.37E-03 1.18E-02
3.32E-03 6.63E-03
1.97E-02 • 1.97E-02
2.95E-03 1.06E-02
6.80E-03 6.80E-03
2.89E-03 ;, 6.35E-03
9.50E-03 •• 2.47E-02
a24E-03 '""•'' l !29E-62
3.03E-03 ' ; • : 3.03E-03

Garden S o i l s
As ; Pb

11 U 137 i
37 • 1 71 i
18 314
11 U; 271 ;
1 2 i ' f 1 4 8 :11 u; 250
18 185 ;
16 213
17 259 ;
26 ; 140. ...._.... . _ . . . ... ... ^ .... ^..
2 3 " ; ' " " ; 1 5 7 ; " """"25 """ - • • | - " - ^ - - ' v - -
17 :. , 218
11 U 339 I
1 1 U * 2 1 0 " " ' ' :
25 ' ' •;" T" 344"""] ""11 / u 241 ;" " " i " i " ' ' ' ; " u T 294" ' ' " ' ; r
1 2 ' " " " : " ' ' ; " 1 8 6 •:""

" " ' 1 1 " ; U ' T " ' 2 5 3 ' " ' ' ' " "
1 1 I U T 1 9 6 ' " " " ; ' "
12 162i s " " ' " : " " = 1 7 2 " ' " f '
21 •'"": 184 (
11 U; 369 ;
11 U 570
11 U 335 V
1 1 U ; 3 8 1 ' " " " ; '
15 '•: 80 ;
11 U 52 , U
11 : U' 61 T
14 573
1 1 U ; 4 0 8

" " " " ' 1 6 '"/• ' * ' " " " 2 3 6 ' " ^ ' ' \
11 i' U : 261 ;

Yard S o i l s
AsMean
91
11
25

69

>11

381

21

124
147
139
12

PbMean
208
308
256

259

176

477

513

399
389
579
317

U : N o t de t e c t edJ : Es t imated value*: G a r l i c f r o m P r o p e r t y 11 was la t e r r e- sampled: As=0.20 m g / k g , Pb=3.21 m g / k g (dry w e i g h t )

"-2
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APPENDIX K
Public Meeting F l y e r s



A S u p e r f und S i t e in
Your Neighborhood?

(Clayton , Co l e , Elyria, Swansea, and S l o b e v i l l e )
Come to a p u b l i c I n f o r m a t i o n session.

Wednesday, March 10, 1999 at 6:30 p.m.
Swansea Recreation Center

2650 East 49th Avenue

Learn how an area gets proposed for
S u p e r f u n d .

Find out what kind of i n f o r m a t i o n is in the
S u p e r f u n d proposal .

Find out how to comment on the i n f o r m a t i o n
used to s u p p o r t S u p e r f u n d status on areas in

northeast Denver.

Staff f r o m the Environmental Protection Agency (ERA) wi l l answer
questions and present i n f o r m a t i o n on the comment process.



F a c t Shee t
Fact SheetNumber 3June 1999

t

What l« the ERA?
The United States Environmental Protection Agency(EPA) was created by Congress in 1970 to protecthuman health and the environment.
What has the EPA done in Cole andClayton?
The EPA began sampling soil near smelter sites to thenorth in Globev i l l e , Elyria, and Swansea. The samplingexpanded south into Cole and Clayton when no clearboundaries were found to the contamination. In thespring of 1998, sampl ing reached as far south as 38*Street. That summer a smaller sampling e f f o r t includedsome properties down to 35* Street
What has soil s a m p l i n g f o u n d in Cole andClayton?
Soil sampling has shown arsenic and lead in someresidential yards. The majority of yards sampled havelow levels, but the EPA is studying the potential healthrisks of these metals in the neighborhoods.
is there really a problem in Cole andClayton?
Most of those yards sampled showed low levels ofmetals. Still, there is not a clear pattern to where higherlevels are found. The EPA needs to sample moreproperties in Cole and Clayton. So far, around 186properties in Cole and 189 in Clayton have beensampled. The EPA found contamination high enough at1 property in Cole and 3 in Clayton to require animmediate cleanup. These 4 cleanups were completedin November 1998. As more sampling is done and thehealth risks are studied, the EPA will better understandthe problem.

I n f i or ition Is p u b l l c a l l yavailable at theFord Warren Library
2823 H i g h Street, Denver, CO 80205Tel: (303) 294-0907Hours: M & Th 10:30 am -5:00 PMT& W 1030 AM- 9:00 PMSat 10:30 AM- 4:30 PM

Public Meeting
Come to a public meeting on soilsampling in Cole and Clayton.

WBCB: June 22,1999,7:00**
Where: Harrington Elementary

2401 East 37th Avenue

What addi t ional sampl ing is planned?
The EPA plans to sample all residential properties inCole and Clayton this summer.
Why should I get my property sampled?
Soil sampling is the only way to f ind out if yourproperty has soil contaminated with metals. The EPA isstudying the health risks of these metals to determine ifcleanup will be necessary. S a m p l i n g is a free servicefor property owners.
Why has my neighborhood been proposedas a S u p e r f u n d site?
On January 19,1999, this area, along with otherneighborhoods, was proposed to the Super fund NationalPriorities List T h i s is a list of contaminated sites thatare e l igible for cleanup f u n d i n g under the Super fundprogram.

For More Inf iPI ition
Ted F e l l m a n (EPA) at (303) 312-6119;
Pat Courtney (EPA) at (303) 312-6631;
Bonnie Lavelle (EPA) at (303) 312-6579;
Barbara O'Grady ( C D P H E ) at (303) 692-3395; or
Marion Galant ( C D P H E ) at (303) 692-3304.



F a c t Shee t
OPEN H 6 U S E : i g f e § ; ; •

Learn More About Risk Assessment
Fact SheetNumber /Septembt^/1999

ou
J.S. Environmental Protection Agency (EPA) is to protect publ i c health and the environment. Theid arsenic and lead in the soil of some yards in the Swansea, Elyria, Cole, Clayton, and Southj v i l l e neighborhoods. The EPA is currently s tudying the heal th risks of this contamination. T h i s process iscalled risk assessment. The risk assessment is important because it wil l help determine what action, if any, needs

to be taken to address the contamination in these neighborhoods.
? The EPA's risk assessment will h e l p answer this quesion. The;rmmehow peop l e come into contact with contaminated s o j l . Inmembers, the EPA has outlined a number of ways that p eop l e come

•Can these i mes and
uiawuoa>«»» ...— _ —__ _into contact with the soil. Thing s like:
s Chi ldren playing in their yards.
v Pets bringing in dirt from outside.
•/ C h i l d r e n p l a y i n g in empty lots, dirt a l l eys , along railroad tracks.
</ People eating vegetables from home gardens.
s People touching or breathing dust while in their homes or

outside.
•s Construction workers breathing or accidentry swallowing dirt

while digging.
T h i s does not mean that all of these activities are harmful . But the EPAwill study all of them in order to evaluate lie risks you may face in your
neighborhood.

Can you think of otherways that people in yourneighborhoodcome into contactwith the soil?Come to one ofthe open housesto share what youknow about yourneighborhood andhe lp guide thisimportant study.

We want to hear from YOU!
. Please drop in anytime between 4:00-8:00 PM to the EPA'srisk assessment open house in your neighborhood. Theopen house is an opportunity to learn more about thisimportant study, ask questions, and share your views onthese issues. There wil l be no formal presentation, butd i s p l a y s and fact sheets will present informat ion about therisk assessment in your neighborhood. Staff wi l l be there to

answer your questions.
OPEN H O U S E S

Swansea Recreation Center Harrington ElementaryWednesday TuesdaySeptember 22,1999 September 28,19994:00-8:00 PM 4:00-8:00 PM2650 East 49th Avenue 2401 East 37th Avenue

For More I n f o r m a t i o nPlease Contact:
U.S. Environmental Protection Agency:

Ted F e l l m a n at (303) 312-6119;
Pat Courtney at (303) 312-6631; or
Bonnie Lavelle at (303) 312-6579.

Colorado Department of Public H e a l t h and
Environment:

Barbara O'Grady at (303) 692-3395; or
Marion Galant at (303) 692-3304.



Soil Sampl ing Results are Here!
Results from last fall's soil sampling have been mailed to
homeowners. The EPA (Environmental Protection
Agency) will be hosting public meetings this February to
answer questions about results and talk about additionalsampling. We hope you can come.

What does this mean to you?
Find out about the soil sampling results.
Learn what will happen next.
Ask questions about sampling and cleanup.

Please come f ind out more.
Tuesday, February 2z

6:30-8:30 PM
Harrington Elementary
2401 East 37th Avenue

Wednesday, February 236:30-8:30 PM
Swansea Recreation Center

2650 East 49th Avenue

3000

For more information or to f ind out how to
get your soil sampled, call:

Ted Fellman, at (303) 312-6119 or
Pat Courtney, at (303) 312-6631.



\t\

our

Get the f a c t s about soil cleanups
in the Swansea, Elyria, Cole, and Clayton neighborhoods.

Come to a public meeting...
Tuesday, September 26 at 6:30 PM

Harrington Elementary School
2401 East 37th Avenue

Wednesday, September 27 at 6:30 PM
Swansea Recreation Center

2650 East 49th Avenue
Call (303) 312-6119 for more information

or to set up another meeting with your neighborhood group.


